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INTRODUCTION 
According to an estimate by World Health Organization infectious diseases are 
the world's leading cause of premature deaths, killing almost 50,000 people every day. 
Among them diarrhoea, cholera, leprosy and tuberculosis are the major cause of ill 
health in the tropical and sub-tropical countries. India is the largest country of the tropics 
and sub-tropics and is, therefore, facing the serious challenge of providing health care 
to its people. One of the major problems of effective treatment of infectious diseases, 
is the emergence of drug resistance among microbial populations. The resistance may 
be mediated by chromosome or by plasm ids and the plasm ids may also be trransfered 
to other bacterial populations besides its own progeny . Dissemination of plasmid 
mediated resistance to bacterial populations has, thus, further made bacterial strains 
resistant to many antibacterial drugs. There are now an increasing number of case 
reports documenting the development of clinical resistance to newer and broad 
spectrum antibacterial drugs like fluroquinolones (Norflox, Ciproflox, Ofloxacin etc.) in 
gram-ve bacilli such as Pseudomonas sp. and Salmonella sp. Therefore, the prevailing 
drug resistance in pathogenic microoganisms associated with the use of antibiotics as 
well as their undesirable side effects on host that include hypersensitivity, depletion of 
beneficial gut and mucosal microorganisms, immunosuppression and allergic reactions 
etc. have triggered the immense interest in ilrugs of plant origin. 
Plants are known to produce bioactive compounds in their natural course of life 
cycle as a part of metabolic process related to their survival under biotic and abiotic 
stresses of environment. Among these bioactive molecules, the compounds with 
antimicrobial activity may have the potential of being developed as plant based 
antimicrobial drugs and preparations therapeutic agents against infectious diseases. In 
the recent years, it has been recognised and suggested by many leading scientists in 
the field of chemotherapy that it is high time to explore the innate antibiotics of plant 
and animal origin as models for new therapeutic agents. The design and development 
of newer drugs have become greatly Important are urgently required. There are many 
ways to obtain entirely new compounds but the most common and valuable approach 
is to either screen new microbial strains or medicinal plants in search of new antimicrobial 
compounds. Since medicinal plants represent rich source from which antibacterial and 
antifungal chemotherapeutic agents could be obtained and the search of new 
antimicrobials is no longer resistricted to the products of microbial origin. Such studies 
may lead to novel chemotherapeutic agents that would be more effective specially in 
the areas where the drug resistance is faced, leading to a better control of infectious 
diseases. 
There is an emergence of strong rethinking on the need to integrate western 
and traditional remedies. Awareness of the importance of natural heritage and 
biodiversity is growing. India is fortunate as it has one of the world's richest flora with 
about 120 families of plants comprising 1,30,000 species. The use of about 2,400 of 
these plants have been mentioned in Ayurvedic and Unani texts and many others are 
used by tribal groups. This rich wealth of medicinal flora abounds in India especially in 
the Himalayan ranges extending from south- east to north-west. The Gangetic plains, 
the eastern and western ghats and the arid and sem i-arid zones of the country provide 
immense scope to procure the drugs for the pharmaceutical need of the Indian system 
of medicine. This wealth is surplus and can easily be utilised to feed our drug industry 
for the crude source. Nearly 50% of the plants used in the pharmaceutical codex are 
reported in India with certain variations in the species. The W.H.O. report that 80% of 
the world population rely chiefly on traditional medicines and major part of the traditional 
therapies involves the use of plant extracts or their active constituents. 
Plants are valuable for modern medicine in four basic ways - (I) they are used as 
source of direct therapeutic agents, (ii) they serve as raw materials base for the 
elaboration of more complex semi-synthetic chemical compounds, (iii) the chemical 
structures derived from plant-substances can be used as models for new synthetic 
compounds and finally, (iv) plants can be used as taxonomic markers for the discovery 
of new compounds. 
Keeping in view of the problems of microbial therapy, potential use of medicinal 
plants in this therapy and lack of concentrated efforts in our country, the present 
investigations have been planned with the following aims and objectives :-
1. to screen a large number of Indian medicinal plants used in traditional system 
of medicine against bacterial and fungal isolates. 
2. to study in details the antibacterial and antifungal activities along with the 
determination of minimum inhibitory concentrations (MICs). 
3. to examine the cytotoxicity of selected plant extracts. 
4. preliminary phytochemical screening of strongly active plant extracts to 
characterize partially the antimicrobial principles. 
5. to evaluate the synergistic action of the possible formulations of one or more 
combinations of selected plant extracts. 
2. RESULTS & DISCUSSION 
Eighty two Indian medicinal plants belonging to 42 families were used in the 
present investigation. It is interesting to observe that some of the medicinal plants 
selected were already in traditional use to treat specific infectious diseases. Extracts 
of each of the 82 plants were prepared in water, ethanol and hexane. General screening 
of extracts was done against gram+ve [Staphylococcus aureus, Staphylococcus 
epidermidis and Bacillus subtilis), gram-ve (Escherichia coli, Pseudomonas aeruginosa, 
Salmonella typhimuhum, Proteus vulgaris), a pathogenic yeast (Candida albicans) and 
three dermatophytes (Microsporum gypseum, Trichophyton rubrum an6 Epidermophyton 
floccosum) at a concentration of 200 mg/ml. Of the 82 aqueous extracts tested, 13 
plants extracts ( Holarrhena antidysenterica Calotropis procera, Onosma bracteatum, 
Terminalia arjuna, Terminalia belerica, Terminalia chebula, Eclipta alba, Emblica 
officinalis. Acacia catechu. Aloe barbadensis. Plumbago zeylanica, Punica granatum 
and Withania somnifera) showed antibacterial activity Five extracts [Onosma 
bracteatum, Terminalia belerica, Eclipta alba, Acacia catechu and Aloe barbadensis) 
inhibited gram+ve bacteria. While eight plant extracts [Calotropis procera Terminalia 
arjuna, Terminalia chebula, Emblica officinalis Plumbago zeylanica, Punica granatum 
and Withania somnifera) selectively inhibited the growth of gram+ve and gram-ve 
bacteria. Similarly, the plant extracts of [Acorus calamus, Centratherum anthelminticum 
Saussurea lappa, Abrus precatorius. Acacia arabica and Centella asiatica) showed 
only antifungal activity. While Onosma bracteatum, Terminalia arjuna, Terminalia belerica, 
Terminalia chebula. Plumbago zeylanica, Punica granatum and Withania somnifera 
showed both antibacterial and antifungal activity The results indicate that 56 ethanolic 
extracts exhibited antimicrobial activity. A close examination of the results showed 
that 52 plant extracts showed antibacterial while 37 plant extracts demonstrated 
antifungal activity Thirty three plant extracts showed both antibacterial as well as 
antifungal activities, whereas four plant extracts showed only antifungal activity. Out of 
56 ethanolic extracts, five extracts namely Emblica officinalis, Terminalia cfiebuia, 
Terminalia belerica, Plumbago zeylanica and Holarrhena antidysenterica showed very 
strong antibacterial and antifungal activity with zones of inhibition > 20 mm. Whereas 
ethanolic extracts of Eclipta alba. Tamarindus indica, Embelia ribes, Piper nigirm and 
Ferula narf/iex displayed strong antibacterial activity with inhibition zones of 19 - 20 
mm in which Eclipta alba, Tamarindus indica and Ferula narthexalso showed moderate 
antifungal activity Berberis aristata, Saussurea lappa, Aegle marmelos and Curcuma 
amada showed only strong antifungal activity While Acorus calamus, Terminalia arjun, 
Centratherum anthelminticum, Ocimum sanctum, Abrus precatorius. Cassia angustifolia. 
Cassia alata, Rubia cordifolia and Curcuma longa showed strong antifungal and 
moderate antibacterial activity Cinnamomum tamala, Acacia arabica, Acacia catechu, 
Punica granatum and Withania somnifera showed strong antibacterial and antifungal 
activity Among 82 hexane extracts, only five plant extracts namely Piper longum, 
Piper nigrum, Ferula narthex, Elettaria cardamomum and Zingiber officinale showed 
antibacterial activity None of the fungi were inhibited by any of the hexane extracts. 
The extent of antimicrobial activity follows a decreasing rank order of alcohol > aqueous 
> hexane. Maximum number of plant extracts showed activity in alcoholic extracts as 
compared to aqueous and hexane extracts. This suggests that ethanol would be a 
better solvent in an attempt to isolate the antibacterial as well as antifungal principles 
than aqueous and hexane. On the basis of outstanding performance of five ethanolic 
extracts i.e. those of Emblic aofficinalis, Terminalia chebula, Terminalia belerica. 
Plumbago zeylanica and Holarrhena antidysenterica against test bacteria and fungi as 
evident from (table 1), only these were selected for their MIC determination, 
phytochemical screening and cytotoxicity studies. 
The several formulations based on selected plants extracts, were prepared and 
subjected to MIC determination as well. The minimum inhibitory concentration (MIC) 
studies of all the five alcoholic extracts indicates that Emblica officinalis showed the 
lowest MIC of 800 |ig/ml, followed by Terminalia chebula 950 ng/ml, Holarrhena 
antidysenterica, 1000|ig/ml, Plumbago zeylanica 3000^g/ml, and Terminalia belerica 
4000p.g/ml, against one or the other bacterial population. P/umbapozey/an/ca showed 
the lowest MIC of 4000 ^ ig/ml, against Candida albicans followed by Emblica officinalis 
(7000 ^ ig/ml) and Terminalia belerica (7000 |ig/ml), Holarrhena antidysenterica (8000 
ng/ml) and Terminalia chebula (9000 ^ lg/ml) as evident from table 2. 
The antimicrobial screening and MIC study indicate that gram+ve bacteria, 
particularly Staphylococcus aureus and Staphylococcus epidermidis, excepting Bacillus 
subtilis, are most sensitive and readily inhibited by plant extracts than gram-ve bacteria 
{Salmonella typhimurium, Pseudomonas aeruginosa, Escherichia coli and Proteus 
vulgaris). Twenty five different formulations were prepared by mixing the plant extracts 
in equal quantities by weight and their minimum inhibitory concentration (MIC) were 
determined against gram+ve Staphylococcus aureus, gram-ve Escherichia coli and a 
pathogenic yeast Candida albicans as detailed in (table 3), intended to further testify 
the efficacy of traditionally prescribed as well as new formulations of different 
combinations of five selected plant extracts in order to find out the potential combined 
effect (Synergistic effect). Out of 25 formulations, ten formulations showed good 
synergistic activity possibily due to interaction of two or more drugs which produce a 
combined effect than their separately measured individual effects against the microbial 
population, leading to a significant reduction in the MIC in comparison to the MICs of 
individual extracts. The extents of synergism as measured in terms of synergism index 
(%) varies from 116.67% to 112.53% in the ten possible formulations based on two 
plant extracts against the three test organisms viz. Staphylococcus aureus, Escherichia 
coli and Candida albicans. Not all the formulations show synergism leading to the 
reduction in MICs as evident from table-4. The positive values of synergism index is 
indicative of synergism whereas negative value indicates antagonistic effect. By carefull 
examination of table- 4 it may be infered that the formulation based on EO&TB 
(formulation no. 2), EO&HA (formulation no. 4) and PZ&HA (formulation no. 10) showed 
highest synergistic effect against Staphylococcus aureus, Escherichia coli and Candida 
albicans respectively Whereas formulations based on EO&PZ (formulation no.3) stood 
second in terms of synergism index against all three organisms. The five ethanolic 
plant extracts and formulations, showing outstanding antimicrobial activity showed no 
cytotoxicity 
The result of phytochemical screening of five ethanolic extracts is summarized 
in tabIe-5. the tests demostrated that all the five ethanolic extracts of selected plants 
have biologically active constituents as follows; Emblica officinalis (Phenolic 
compounds, tannins and glycosides); Terminalia chebula (phenolic compounds, tannins 
and glycosides); Terminalia belerica (phenolic compounds, tannins and glycosides). 
Plumbago zeylanica (flavonoids and saponins) and Holarrhena antidysenterica (alkaloids 
and steroids). 
3. CONCLUSION 
Due to indiscriminate and non-judicial use of antibiotics it has resulted 
in the development of resistance to almost every old and new antibiotics among 
bacterial population. Further, presence of resistance plasmid and transposon 
in bacterial population, the emergence and spread of multiple drug resistance 
will be an alarming situation in near future.ki many cases antimicrobial drugs 
does not find suitable place in chemotherapy due to their toxicity. Thus, 
management of infectious diseases should follow a uniform policy of antibiotic 
use after knowing the resistance status of microbial population in particular 
area. Use of non-microbial drugs of plant origin should be used whenever 
feasible to avoid excess use of antibiotics and toxicity problem. The present 
study revealed that medicinal plants may play very important role in management 
of infectious diseases through an integrated approach of modern and traditional 
systems of medicine. The study further stresses to continue search of new 
antimicrobials of plant origin against various infectious microorganisms of 
human and veterinary origin specially against multiple drug resistant pathogens. 
The findings of this investigation may be concluded as follows : 
The antimicrobial screening showed that out of 82 plant extracts, 56 
ethanolic extracts, 13 aqueous and 5 hexane extracts demonstrated 
antimicrobial activity against one or more organisms. This indicated that ethanol 
will be a better solvent to isolate antibacterial and antifungal principles than 
aqueous and hexane extracts. 
Five ethanolic plant extracts {Emblica officinalis, Terminalia chebula, 
Terminalia belerica. Plumbago zeylanica and Holarrhena antidysenterica) 
showed outstanding antimicrobial activity in which extract of Emblica officinalis 
is the most active showing lowest MIC followed by the order of Terminalia 
chebula, Holarrhena antidysenterica, Plumbago zeylanica and Terminalia 
belerica. The susceptibility of the test organisms towards plant extracts followed 
the order of Staphylococcus aureus and Staphylococcus epidermidis > 
Salmonella typhimurium > Pseudomonas aeruginosa > Bacillus subtilis > 
Escherichia coll > Proteus vulgaris > Candida albicans > Dermatophytes. 
Remarkable activity against majority of the test organisms was shown by the 
ethanolic extract of above five plants which contain phenolic compounds, 
tannins steroidal alkaloid, naphthoquinone and saponins as the major bioactive 
compounds. 
The most effective formulations are formulation no. 21, 24, 11, 25, 23, 
22, 4 and 1 against Staphylococcus aureus: no. 1, 22. 4, 21, 23, 25, 11 and 24 
against Escherichia coli and no. 21, 23, 25, 11 and 1 against Candida albicans 
as evident from their lower MICs and their lower ranks. Formulations showing 
higher synergism index are most effective and economic, hence, if the 
formulation based on two constituents are to be prepared then EO&TB 
(formulation no. 2) against Staphylococcus aureus, EO&HA (formulation no. 4) 
against Escherichia coli and PZ&HA (formulation no. 10) are most effective 
and economic formulations. Whereas formulation based onTC&PZ (formulation 
no. 6) against Staphylococcus aureus as well as against Escherichia coli and 
TC&TB (formulation no. 5) against Candida albicans are the most Ineffective 
and uneconomic formulations. 
None of the five ethanolic extracts {Emblica officinalis, Terminalia chebula, 
Terminalia belerica, Plumbago zeylanica and Holarrhena antidysenterica) and 
their selective formulations showed any cell toxicity to sheep erythrocytes upto 
a maximum dose of 200mg/ml concentration. 
The results validate the use of Emblica officinalis (fruits), Terminalia 
chebula (fruits) and Terminalia belerica (fruit) in cough, respiratory disorders, 
sore throat, diarrhoea, dysentry, eye disorders, skin diseases, boils and 
abscesses; Plumbago zeylanica (root) in skin infections to open abscesses 
and also in diarrhoea while Holarrhena antidysenterica in various gastro-
intestinal infections such as diarrhoea. 
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Table - 2. Antimicrobial activity in terms of MIC of ethanolic extracts of sdected plants. 
S, No. 
1. 
2 
3. 
4. 
5. 
6. 
7. 
8. 
Microorganisms 
tested 
Staphylococcus aureus 
Bacillus subltli^ 
Staphylococcus epidennidis 
Pseudomonas aeruginosa 
Salmonella typhmunum 
Escherichia cob K-12 
Proteus vulgan t 
Candida albicans 
EO 
800 
900 
800 
850 
800 
900 
2000 
7000 
Mmimum uimbitory concentration (MIC) ^g/lnl. 
TC 
950 
1000 
950 
1000 
950 
1500 
2500 
9000 
TB 
4000 
5000 
4000 
5000 
4500 
7000 
8000 
7000 
PZ 
3000 
4000 
3000 
3500 
3500 
4500 
5000 
4000 
HA 
1000 
2500 
1000 
2000 
1500 
2500 
3500 
8000 
EO Emblica officinalis: TC Terminaha chebula; TB. Termmaha belenra- PZ Plumbago zeylamca; HA. Holarrhena antid^sentenca 
Table -3. Minimum inhibitory concentration of formulations based on ethanolic extracts of sdected plants. 
Mimmum inhibitory concentration ( | lg/ ml) 
Formulation 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25, 
Formulation 
Con^Kisition 
EO + TC 
EO + TB 
EO + PZ 
EO+HA 
TC + TB 
TC + PZ 
TC + HA 
TB + PZ 
TB + HA 
PZ + HA 
EO + TC + TB 
TC + TB + PZ 
EO + TB + PZ 
EO + TB + HA 
EO + TC + PZ 
EO + TC + HA 
F ^ + PZ + HA 
TC + TB + HA 
TC + PZ + HA 
TB + PZ + HA 
EO + TC + TB + PZ 
EO + TC + TB + HA 
EO + TC + PZ + HA 
EO + TB + PZ + HA 
EO + TC + TB + PZ + HA 
Staphylococcus aureus Escherichia coli K-12 Candida albicans 
500 
800 
1000 
500 
5000 
4000 
900 
5000 
4000 
3000 
400 
5000 
900 
850 
1000 
850 
1500 
5000 
2000 
4000 
400 
500 
500 
400 
450 
Note : EO = Emblica officinalis. TC= Terminaha chebula TB = Terminaha belenca 
Fonrailations are obtained by mixing equal amounts by weight of each extract 
550 
900 
1200 
600 
7000 
6000 
950 
8000 
7500 
6500 
750 
6000 
1000 
900 
1500 
1000 
2500 
6500 
2500 
5500 
600 
550 
600 
800 
650 
3500 
6000 
1500 
8000 
9000 
7000 
9500 
5000 
8000 
1000 
3000 
8000 
7000 
7000 
8000 
9000 
8000 
9000 
5000 
5000 
900 
6000 
1000 
5000 
2000 
PZ = Plumbago leylamca HA = Holarrhena antidysentenca 
Tkble -4. Evaluation of synergiaii through quantitative comparison of MICs. 
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Z 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 
1 
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^ i 
if a I & a 
EO & TC 
EO & TB 
EO & HA 
EO & PZ 
TC & TB 
TC & HA 
TC & PZ 
TB & HA 
TB & PZ 
PZ & HA 
Against Slaphylococcus aurtui 
o 
U 
i 
800 
800 
800 
800 
950 
950 
950 
4000 
4000 
3000 
0 
U 
s 
950 
4000 
1000 
3000 
4tt)0 
1000 
3000 
1000 
3000 
1000 
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875 
2400 
900 
1400 
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975 
1975 
2500 
3500 
2000 
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500 
800 
500 
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5000 
900 
4000 
4000 
5000 
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375 
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-75 
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•1500 
•1500 
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66JS7 
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4737 
-102.02 
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-42.86 
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900 
900 
900 
900 
1500 
1500 
1500 
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2500 
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4250 
2000 
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3500 
1 
•3 
550 
900 
600 
1200 
7000 
950 
6000 
7500 
8000 
6500 
(J 
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3050 
1100 
1500 
-2750 
1050 
•3000 
-2750 
-2250 
-3000 
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2178 
64.71 
S5i6 
•64.71 
S15 
•100 
•57.89 
-39.13 
*S) 
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14.29 
6.S7 
72.73 
•12.50 
-11.76 
•7.69 
-6.67 
9.09 
11657 
Remarks : 
Difference in MlC=Average of MIO; of individual consUtuenU — MIC of formulation 
Synergism index C^) = (Difference in MIC/ Average of MIC) x 100 
If Difference is •^ ve. it means that there is synergistic effect on formulation and if -ve. it means antagonistic effect on formulation. 
Table -5. Phytochemical screening of ethanolic extracts of selected plants. 
SNo Plant extract (pan used) 
Oiemical constituents detected 
Phenobcs Alkaloids Tanmns Flavonmds Glycosides Saponins Steroids 
Embhca officinalis (fruits) 
Terminalia chebula (fruits) 
Terminaha belenca (fruns) 
Plumbago zeylanica (root) 
Holarrhena antidysenienca 
(bark) 
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1. INTRODUCTION 
1. INTRODUCTION 
According to an estimate by World Health Organization infectious diseases are 
the world's leading cause of premature deaths, killing almost 50,000 people every day 
Among them diarrhoea, cholera, leprosy and tuberculosis are the major cause of ill 
health in the tropical and sub-tropical countries. Factors such as hot and humid climate, 
high densities of population, low socio-economic status of the people, paucity of health 
education, stagnant water bodies, rural conditions and poor protection of drinking 
water from faecal contamination, further help in the persistence of communicable 
diseases in the tropics [ Pelczar etal, 1995 ]. India is the largest country of the tropics 
and sub-tropics and is, therefore, facing the serious challenge of providing health care 
to its people. Almost any opportunistic pathogen can cause infections but those who 
can survive in the environment for long periods of time and can develop resistance to 
antibiotics and disinfectants are particularly important in this respect. 
An increase in antibiotic resistant bacteria is threatening world population with 
recurrence of infectious diseases that were once thought to be under control, at least, 
in developed countries. In recent years, the ferocity of certain tropical diseases (such 
as diarrhoea, leprosy tuberculosis, candidiasis etc.) have even increased because of 
the development of drug resistant strains of parasites and bacteria due to indiscriminate 
and non-medical use of specific chemotherapeutic drugs in the past. Unfortunately 
the problem of antibiotic resistance is, by no means, confined to human only, dramatic 
rise in the resistance has been reported in livestock as well [Victoria Hook, 1997 ] as 
they are commonly given antibiotics as growth promoters. In addition to this problem, 
antibiotics are sometime associated with adverse effects on host that include 
hypersensitivity, depletion of beneficial gut and mucosal microorganisms, 
immunosuppression and allergic reactions etc. [Idsoe et al, 1968]. The availability of 
effective exogenous antibiotics is decreasing as a result of increased resistance of the 
pathogens. In the recent years, it has been recognised and suggested by many leading 
scientists in the field of chemotherapy [ Davis, 1994; Joelle, 1994 ] that it is high time 
to explore the innate antibiotics of plant and animal origin as models for new therapeutic 
agents. 
The list of human and animal pathogenic microorganisms is very long. Although, 
the antibiotic therapy is quite successful in controlling microbial diseases, Still, many 
pathogens especially the members of the family enterobacteriaceae ( Escherichia coli, 
Shigella, Salmonella etc.) and certain other gram+ve Staphylococci and gram-ve 
Pseudomonas aeruginosa, Campylobacter etc. have developed resistance to one or 
more newer broad spectrum antibacterial drugs [ Ahmad et al, 1994 ; Davis, 1994; 
Pelczar etal. 1995; Giplin & Milner, 1997; Mitsuhashi, 1998 ]. 
Staphylococcal diseases may be classified as cutaneous and deep infections, 
acute toxaemia, including food poisoning, exfoliative diseases, and the toxic shock 
syndrome. Staphylococcal lesions are characteristically localised in contrast to the 
spreading nature of Streptococcal lesions. [ Martin et al, 1974 ]. Cutaneous lesions 
may be of varying severity which include furuncles, styes, boils, abscesses, carbuncles, 
impetigo and pemphigus neonatorum. Staphylococcus aureus also frequently causes 
sepsis in wounds and burns and the majority of hospital cross infections are of 
Staphylococcal origin. In respiratory tract, it causes tonsillitis, pharyngitis, sinusitis 
and pneumonia. Staphylococcus epidermidis may act as an opportunistic pathogen, 
causing minor infections such as stitch abscesses. In persons with defective resistance, 
it can cause even serious illness such as septicemia. It has been reported to cause 
subacute endocarditis.[ Easmon & Adiam, 1983]. Methicillin - resistant Staphylococcus 
aureus [MRSA] was isolated in the early 1960's and has emerged as one of the 
major nosocomial pathogens in hospitals. Its resistance is due to ^-lactamase 
production. [ Thompson et al, 1982; Town send et al, 1987 ; Maple et al, 1989; 
Mulligen et al, 1993 ]. Certain antibiotics are usually chosen for treatment of MRSA 
infections. However, their use causes unexpected side effects, reduces susceptibility 
to MRSA by target site alterations, enzyme modification and permeability change leading 
to resistant strains [Brumfitt and Hamilton - Miller, 1989], 
Pseudomonas aeruginosa established itself as one of the most troublesome 
agent, causing nosocomial infections. The commonest infections caused by 
Pseudomonas aeruginosa are suppurative otitis, localised lesions, eye and urinary 
tract infections I Pelczar etal, 1995]. 
Members of the family enterobacteriacae commonly produce a number of 
diseases and the most important are the different forms of diarrhoea. Acute diarrhoea 
caused by these bacteria is the major cause of morbidity and mortality throughout the 
world, particularly in Infants and children under 5 years of age in the developing countries. 
It has been estimated that some 500 million cases of diarrhoea occur annually among 
children under five years of age in the developing countries of Asia, Africa, and Latin 
America [W.H.O. 1980]. In India, 1.4 million children die annually from diarrhoeal 
diseases other than cholera. Diarrhoeal diseases are important even in the affluent 
countries. In USA, for instance, diarrhoea is the second, among the five leading 
causes of death in children [ Ananthanarayan & Jayaram Paniker, 1990]. Acute 
diarrhoea due to bacterial infections can be classified into three groups based on 
pathogenic mechanisms. The first group exemplified by cholera vibrio and 
enterotoxigenic Escherichia coli. The second type is represented by Shigellae and 
Enteroinvasive Escherichia coli. Third group is typified by Salmonellae [Salmonella 
typtrimurium and Salmonella enteridis etc.) [Rowland, 1978]. Various strains of 
Escherichia coli, Shigella. Salmonella, Camp/iy/otecterand other diarrhoegenic bacterial 
isolates all over the world were found resistance to one or more antibacterial drugs. 
Such strains are found to harbour plasmids conferring resistance to multiple drugs, 
[W.H.0.1980; Levey et al, 1985, Lamikanra etal, 1990]. 
A number of other bacteria like Streptococci and Staphylococci etc. are also 
able to penetrate through mucosa, skin lesions or through hair follicles, provoking 
bacterial infections. These infections occur as local purulences (e.g. furuncles, ulcers, 
phlegmons, inflammations of the oropharynx and tonsilitis] which, subsequently, become 
generalized as a blood infections (e.g. septicemia). Within the last few years, manyfold 
increase in local infections have been observed [Brantner and Green, 1994]. 
Similarly, the increased incidence of fungal infections and scarcity of 
chemotherapeutic agents are also of serious health concern . Fungal infections may 
be classified as (i) superficial and (ii) deep seated (systemic). Superficial infections 
are more common and comprise of the various types of tinea or ringworm affecting the 
skin, hair and nails. Systemic mycoses occur in varying degree of severity, ranging 
from asymptomatic infections to fatal diseases. A third type of infection is opportunistic 
and caused mainly by fungi that are normaly avirulent such as Candida, Mucor, 
Penicillium and Aspergillus etc. [ Tortora et al, 1992 ]. Opportunistic fugal infections 
are the major cause of mortality and morbidity in immunocompromised hosts [Rinaldi, 
1991]. Due to rapid rise in cases of AIDS, certain mycoses such as disseminated 
candidiasis and invasive aspergillosis have also risen in frequency [Diamond, 1991]. 
Several fungal pathogens which include Candida albicans, dermatophytes and other 
pathogenic yeasts are posing serious health problem. Candida albicans, a notorious 
opportunistic dimorphic yeast causes a variety of clinical forms of illness ranging from 
localized cutaneous candidiasis in healthy individuals to life threatening systemic 
candidiasis in immunocompromised hosts [Datta etal, 1989]. In the last two decades, 
there have been an increase in the incidence of candidiasis which is attributed to the 
wide spread use of broad spectrum antibiotics and immunosuppressive drugs. 
The present antifungal agents have their own limitations such as poor absorption, 
development of resistance in the fungi and toxicity to the hosts. Thus our means of 
combating fungal infections are poor and incompetent. In the present scenario of 
microbial drug resistance against old and newer antimicrobial drugs, the design and 
development of newer drugs have become greatly Important are urgently required. 
There are many ways to obtain entirely new compounds but the most common and 
valuable approach is to either screen new microbial strains or medicinal plants in search 
of new antimicrobial compounds. Since medicinal plants represent rich source from 
which antibacterial and antifungal chemotherapeutic agents could be obtained and the 
search of new antimicrobials is no longer resistricted to the products of microbial origin. 
The Pharmacopoeias of many countries of the world include even today a large 
number of drugs of plant origin. Although synthetic pharmaceuticals now dominate the 
drug market, medicinal plants continue to hold a strong position in international health 
care. Around 25% of prescription drugs are still extracted or derived from plants [ 
Pushpangadan and George, 1997]. The bend towards re-exploration of plant wealth in 
technologically advanced countries like U.S.A., Germany, Japan and France not only 
improved the quality and quantity of natural product research but has also led to 
increased interest in such products, all over the world [Dahanukar and Hazra, 1995]. 
Herbal products of increasing sophistication are infilterating the mass markets. 
There is an emergence of strong rethinking on the need to integrate western 
and traditional remedies. Awareness of the importance of natural heritage and 
biodiversity is growing. India is fortunate as it has one of the world's richest flora with 
about 120 families of plants comprising 1,30,000 species. The use of about 2,400 of 
these plants have been mentioned in Ayurvedic and Unani texts and many others are 
used by tribal groups [ Dahanukar and Hazra, 1995]. This rich wealth of medicinal flora 
abounds in India especially in the Himalayan ranges extending from south- east to 
north-west. The Gangetic plains, the eastern and western ghats and the arid and semi-
arid zones of the country provide immense scope to procure the drugs for the 
pharmaceutical need of the Indian system of medicine. This wealth is surplus and can 
easily be utilised to feed our drug industry for the crude source. Nearly 50% of the 
plants used in the pharmaceutical codex are reported in India with certain variations in 
the species [Ahmad, 1993]. The W.H.O. report that 80% of the world population rely 
chiefly on traditional medicines and major part of the traditional therapies involves the 
use of plant extracts or their active constituents [ Olaylwola, 1993 ]. 
Plants are valuable for modern medicine in four basic ways - (i) they are used as 
source of direct therapeutic agents, (ii) they serve as raw materials base for the 
elaboration of more complex semi-synthetic chemical compounds, (iii) the chemical 
structures derived from plant-substances can be used as models for new synthetic 
compounds and finally, (iv) plants can be used as taxonomic markers for the discovery 
of new compounds. 
Keeping in view of the problems of microbial therapy, potential use of medicinal 
plants in this therapy and lack of concentrated efforts in our country, the present 
investigations have been planned with the following aims and objectives :-
1. to screen a large number of Indian medicinal plants used in traditional system 
of medicine against bacterial and fungal isolates. 
2. to study in details the antibacterial and antifungal activities along with the 
determination of minimum inhibitory concentrations (MICs). 
3. to examine the cytotoxicity of selected plant extracts. 
4. preliminary phytochemical screening of strongly active plant extracts to 
characterize partially the antimicrobial principles. 
5. to evaluate the synergistic action of the possible formulations of one or more 
combinations of selected plant extracts. 
2. REVIEW OF LITERATURE 
2. REVIEW OF LITERATURE 
2.1 INDIAN MEDICINAL PLANTS AND TRADITIONAL SYSTEM OF MEDICINES 
Since the time immemorial, man has made use of plants in the treatment 
of diseases. The pharmacopoeias of many countries include a large number of 
drugs of plant origin. Although it is true that synthetic chemical compounds are 
extensively being employed in clinical practice, the Interest in the the examination 
of plants as potential source of new drugs has never been waned. The history 
of medicinal plants dates back to Rigveda; perhaps the oldest repository of human 
knowledge which was written around 4500 -1600 B. C. The Ayurveda, developed 
around 2500 B.C. contains a detailed account of many drugs in use even today 
Ancient Ayurveda, however, includes the comprehensive works of Charaka [1000 
B.C.] and that of Sushruta (800 B.C.) and provides a base for the materia medica 
through its detailed descriptions. The work of Atreya, Jivaka and Kashyap [about 
600 B.C.], Vyadi [ ~ 500 B.C.], Patanjali [ ~ 200 B.C.] and Nagarjun [ z 500 
B.C.] as well as "Bower script' [ ~ 300 - 400 A.D.] added to knowledge of 
herbal medicines. The Mohammedan culture enriched the vegetable materia medica 
which was further improved by those in Greece, Arabia and Persia [Arora, 1965]. 
Little attention was paid to the medicinal plants of India till the Asiatic Society of 
Bengal was established by Sir William Jones [Jones, 1799]. According to him, 
hundreds of plants were not well understood by European botanists grew wild on 
plains in the forests of India. 
In the beginning of the nineteenth century, John Flemming contributed a 
aper on the medicinal plants of India, a monograph of great value. The scattered 
information on the subject was collected and placed before the medical professionals 
[Flemming, 1910]. According to Kiritikar and Basu [1975], "Pharmacographica India" 
is a most authentic and useful compilation containing information on the use of 
Indigenous materia medica. In this series of publications, the most illustrious work 
is "A Dictionary of Economic Products of India" published in 1889 - 1904 by Sir 
George Watt. This monumental work gives a summary of the previous work on 
the medicinal plants as well as provides the information on the use of different 
parts of the medicinal plants, A dramatic decline in the popularity of medicinal plants 
as therapeutic agents has been observed with the emergence and use of sulpha-
drugs, antibiotics and synthetic drugs. As the success of any health system depends 
on the ready availability and use of suitable drugs on a sustainable basis, the 
medicinal plants have always played a key role in world health. W.H.O. has taken 
a serious initiative to create awareness in the traditional medicines to the world's 
population and to promote increased national exploitation of safe and effective 
practices, including the use of medicinal plants as therapeutic agents. [Olaylwola 
Akerle, 1993]. The fortunate factor, herbal medicaments do not produce many 
side effects commonly seen after long term administration of synthetic drugs, has 
also resulted in the revival of interests in their use in both developing as well as 
developed countries [Jain & Nagrajan, 1990]. Also, a considerable growth has 
occurred officially to popularize the use of natural products as therapeutic agents. 
Out of the 250,000 to 500,000 plant species on the planet, more than 90% 
are yet to be investigated for their medicinal properties. The flora of India comprises 
about of 45,000 plant species, from unicellular blue green algae to the flowering 
plants. These comprise approximately 11 % of the total species of flora of the world, 
out of which about 47© are the flowering plants. The biogeographic position of 
India is unique as we have diverse ecosystems, ranging from the humid tropics 
of western Ghats to the alpine zone of the Himalayas and from the dry deserts 
of Rajasthan to the tidal mangroves of the Sunderbans and, hence, India is endowed 
with a rich flora [Dahanukar, 1995]. 
Ayurveda uses about 800 plants, while the siddha system of medicine makes 
use of about 600 plants in their various formulations. AmchI and Unani systems 
together make use of about 700 plants in their different preparations .The commercial 
value of drug products derived directly from higher plants is fairly high. According 
to a recent estimate by Council of Scientific and Industrial Research (India), the 
total herbal production in India is expected to reach Rs. 4,000 crores by the year 
2000 A.D. from the Rs. 1000 crores in 1997 [ Pushpangadan & George, 1997]. 
This means a three fold increase in production and sale of herbal drugs in India 
alone. The same is the scenario in other parts of the world e.g., American consumer 
paid about 8 billion US dollars for prescription drugs derived solely from higher 
plants in 1980. Whereas the community pharmacies in the United States dispensed 
25% drugs derived from higher plants in their prescription from 1959 to 1980, 
excluding non prescription drug products or drugs used exclusively in hospitals. 
Plants derived drugs, thus, represent stable market upon which both physicians 
and patients can rely upon . In addition, the world wide market in plants derived 
drugs, may undoubtedly amount to many additional billion dollars although it is 
difficult to estimate [Farnsworth, 1973; Farnsworth and Soejarto, 1985]. 
2.2 ANTIMICROBIAL PROPERTIES OF MEDICINAL PLANTS 
Research on medicinal plants has continued to be an area of major interest and 
priority for pharmacologists, microbiologists & drug developing industries/institutions in 
India and abroad for the last several decades. The work on antimicrobial activity of 
medicinal plants in India and other parts of world has been reported by several workers 
[ Bhawasar, 1965; Radhakrishnan, 1976; lyenger, 1985; Chopra, 1992; Behl, 1993; 
Shah and Qadry, 1993; Zafar, 1994; Dahanukar and Hazra, 1995; Rastogi and Mehrotra, 
1995; Ahmad etal, 1995; Chaudhri, 1996; Phillipson, 1997; Mehmood etal, 1997 and 
Ahmad etal, 1998]. 
2.2.1 In Indian Context 
The reports on antimicrobial activity of indigenous plants from many regions 
have been published, however, a systematic study oa large number of medicinal 
plants is largely not done. Therefore, it is desirable to screen various medicinal 
plants commonly used In Indian system of medicine for various biological activities 
and to develop a scientific basis for their use. 
Mariam [1947] observed the antibiotic activity in the alcoholic extracts of 
Ocimum sanctum leaves against Staphylococcus aureus and Escherichia coli 
whereas water extracts remained ineffective. Fox [1952] used the juice of Cassia 
alata L. leaves as antiherpetic and in skin diseases. Kurup [1956] reported the 
presence of antibiotic principles in the leaves of Withania somnifera. Basu [1957] 
observed the antibacterial activity of aqueous extracts of Achyranthes aspera 
against Staphylococcus aureus, Streptococcus haemolyticus and Bacillus Sp. 
Kurup [1958] also Isolated an antibacterial principle from Withania somnifera 
whereas Bungi [1960] observed the fungistatic action of alcoholic extract of its leaves 
against some mycotic organisms such as Trichophyton mentagrophytes, 
Microsporum gypseum and Epidermophyton floccosum. Desai [1966] reported the 
antimicrobial activity in Abrus precatorius L. Dhar [1968] examined the extract from 
Achyranthes aspera for antibacterial, antifungal and antiprotozoal activities. 
Sachedeva [1968] found antimicrobial principles in almond ( Prunus amygdalus) 
shells. Singh [1974] reported high antibacterial activity of the ethanolic extract of 
Tribulus terrestris fruits against Escherichia coli. Ikram and Haq [1980] reported 
the antibacterial activity of stem and leaf extract of Achyranthes aspera L. against 
Escherichia coli. Bacillus subtilis, Shigella dysenteriae and Salmonella typhi. 
Parimala and Shankaranarayna [1986] observed antibacterial activity of 
Santalum album bark tannins against Staphylococcus aureus. Almagboul et al, 
[1988] investigated more than 100 extracts in various solvents of 15 plants for their 
antibacterial activity. Most of them (85%) showed inhibitory effects against one 
or more of the 4 microorganisms tested viz. Staphylococcus aureus, Bacillus 
anthracis, Escherichia coli and Pseudomonas aeruginosa. 
Strong antimicrobial activity of methanol extract of Butea monosperma was 
reported by Zafar etal. [19891. Eswaramurthy etal, [1989] observed the inhibitory 
effects of Acacia arabica, Ipomoea carr)ea and Prosopis juliflora extracts on 
Sarocladium oryzae and Fusarium oxysporum. Lakshmanan etal, [1990] tested 
aqueous extracts of Allium sativum, Bougainvillea specfab///s and Azadirachta indica 
which significantly inhibited mycelial growth and sclerotial germination of 
Thanatephorus cucumeris in vitro. Mishra [1990] observed antifungal activity of 
the volatile oil from rhizomes of Zingiber officinale against Fusarium moniliforme. 
Ethanolic and methanolic extracts of Momordica charantia seeds and 
ethanolic extracts of bark and heart wood of Pterocarpus marsupium were screened 
for their antimicrobial activity against eight gram+ve and three gram-ve bacteria 
and twelve strains of fungi. All the extracts showed considerable antimicrobial activity 
in vitro. The overall antifungal activity was more pronounced with the ethanolic 
extract of heart wood of Pterocarpus marsupium followed by methanolic extracts 
and then ethanolic fractions of Momordica charantia [Peddanna et al, 1990]. 
Upadhyay and Rai [1990] examined leaf extracts of thirteen medicinal plants, viz., 
Argemone mexicana, Azadirachta indica, Caesalpinia bonducella. Cassia fistula. 
Cassia tora, Catharanthus roseus, Clerodendron serratum, Eucalyptus globulus, 
Jatropha curcas, Lawsonia inermis, Ocimum sanctum, Saraca indica, and Vitex 
negundo against Curvularia tuberculata responsible for die-back disease. The 
extracts showed a wide range in their fungitoxic activity. The highest activity was 
exhibited by the extracts of Eucalyptus globulus, and Catharanthes rosews against 
Curvularia tuberculata. followed by the extracts of Ocimum sanctum, L. inermis, 
Cassia tora and Azadirachta indica. Palanichamy and Nagarajan [1990] also 
reported antifungal activity of Cassia alata leaf extract. Qiao et al, [1990] isolated 
twelve compounds from the roots of Rubia cordifolia L., only three of them exhibited 
mild antibacterial activity. 
In a report from Iyer and Williamson [1991], it is mentioned that the extracts 
of Allium sativum, Ocimum sanctum, Catharanthes roseus and Azadirachta indica, 
s/jowedhigh phenol content and inhibited the protease activity of Trichophyton sp. 
completely 
The antifungal activity of saponins isolated as byproduct from the defatted 
cake of Madhuca butyraceae oil seed is reported by Lalitha and Venkataraman 
[1991]. The inhibitory concentrations against plant pathogenic fungi ranged from 
500-2000 ppm. Maximum sensitivity to saponins was shown by Penicillium 
expansum, Cephalosporium acrimonium, Helminthosporium oryzae and 
Trichoderma viridae. The saponins perforate the cell wall causing leakage of 
protoplasm. Scalbert [1991] reported that the tannins also possess antimicrobial 
properties. Singh and Pandey [1992] tested bark extracts of thirty plants against 
Microsporum gypseum and Trichophyton mentagrophytes. Only Lawsonia inermis 
exhibited fair antifungal activity with fungistatic activity at a maximum inhibiting 
dilution of 1:30 [w/v] whereas fungicidal activity at a dilution of 1:10 [w/v] against 
both the test pathogens. The Lawsonia inermis extract showed a broad fungitoxic 
spectrum when tested against thirteen ringworm fungi. The antifungal activity of 
the extract remained unaltered even after autoclaving and long storage periods. 
Mahajan et al, [1991] found that aqueous extract of Camellia sinensis is more 
effective inhibitor of bacterial growth than black tea. They also reported that gram+ve 
bacteria are more sensitive than gram-ve. Suresh and Chauhan, [1992] observed 
that Staphylococcus albus was completely resistant to the leaf extract of Calotropis 
procera whereas other tested fungal sp. and bacterial isolates were fairly inhibited. 
Dobhal and Joshi [1992] found that ethanolic and aqueous extracts of Berberis 
chitria roots gave very good response in eye infections caused by Staphylococcus 
aureus and Pseudomonas aeruginosa. 
Gnanaguru et al, [1992] tested aqueous, ethylacetate and methanol extracts 
of Funaria hygrometrica agnist Escherichia coli, Haemophilus influenza, Klebsiella 
pneumoniae, Proteus mirabilis, Salmonella typhi, Shigella boydii, Xanthomonas 
oryzae, Xanthomonas campestris and Fusarium oxysporum. Antimicrobial activities 
were observed with ethylacetate extract against all the bacterial and fungal isolates. 
Methanol extracts also inhibited all the bacterial isolates except Proteus mirabilis 
and Shigella boydii while aq. extracts did not show any activity against either 
organism. Partially purified compound was found to be phenolic in nature. 
Jain et al, [1992] investigated the seed and callus extracts of Cuminum 
cyminum for antibacterial, antifungal, antiviral and antitumour activities. The extracts 
inhibited the growth of bacterial, fungal as well as poliomyelitis and Coxsakie viruses. 
Venkatanarayana etal, [1992] reported the antibacterial activities of ethanolic 
extracts from dried peels of Citrus aurantium and Citrus lemon, dried roots of 
Hedychium spicatum and dried rhizomes of Curcuma longa. Chandel etal, [1992] 
observed significant antibacterial activity in alcohol and water extracts of Acacia 
arabica bark against Streptococcus pyogene, Staphylococcus aureus, Escherichia 
coli, Salmonella typhimurium, Pseudomonas aeruginosa and Klebsiella sp. Both 
the extracts showed better inhibitory response against gram+ve organisms than 
with gram-ve organisms. 
Ganguli and Bhatt [1993] explained the mode of action of active principles 
from stem bark of Albizzia lebbeck. Isolated principles were found to be active 
against test cultures selected for the study. Mode of action of the active principles 
against aerobes, showed that the glycosides from the extract caused leakage of 
cytoplasmic constituents of microbial cells. Electron micrographs of Staphylococcus 
aureus cells treated with MIC of anthraquinones from the extract, revealed the coarse 
granulation of the cytoplasmic matrix, vacuolation of cells and in a few cases 
disruption of the cell surface. Singh and Tripathi [1993] reported that strong fungicidal 
activity of leaf extracts of Artabotrys hexapetalous, Aegle marmelos, Croton 
roxburghii and Physalis peruviana. 
Triphala, a combined formulation fruits of three plants Emblica officinalis, 
Terminalia chebula and Terminalia belerica is frequently used in preparation of 
one or more medicines in Unani and Ayurveda as antidiarrhoeal, antidysenteric, 
as blood purifier and a purgative [D'souza, 1993].The preliminary scientific evaluation 
of this formulation indicated strong antimicrobial activity against Salmonella typhi, 
Shigella dysenterae, Vibrio cholerae and Klebsiella pneumoniae [ Mehta et al, 
1993 and El. Mekkaway et al, 1995]. 
Nair and Bhide [1996] tested antimicrobial properties of water, alcoholic and 
oil extracts of commercially available dry nuts of Semecarpus anacardium against 
gram-ve and gram+ve bacterial strains. Alcoholic extract was found to be the most 
effective and showed strong bactericidal activity against gram-ve Escherichia coli 
Salmonella typhi and Proteus vulgaris as well as gram+ve Staphyloccocus aureus 
and Corynebacterium diphtheriae. The alcoholic extracts of other parts of the tree 
such as twigs, leaves, green fruits showed antibacterial activity against only 
Corynebacterium diphtheriae whereas alcoholic leaf extract showed bactericidal 
activity against all above mentioned bacterial strains. Chukwarthi [1997] reported 
that the ethanol extract of Holarrhena floribunda stem bark exhibited antibacterial 
and antifungal activities against tested microorganisms. 
2.2.2. In World context 
As a large segment of the world population both in developing as well 
as in developed countries depends on the traditional system of medicine for a variety 
of diseases. Several hundred genera are being used as source materials for potent 
herbal drugs which have stood the test of time and the modern chemistry could 
not replace most of them [Vashist, 1994]. The emerging relevance of herbal drugs 
as antimicrobial therapeutic agents has prompted many workers over the world 
to divert their efforts toward this field and the subject has been widely reviewed. 
There will always remain a growing need for the substances which are cheap, easily 
available, with no side effects, and with antimicrobial activity since the treatment 
of microbial infections by modern medicines, is often unsatisfactory. 
Investigations for antibacterial agents were conducted by Osborn,1943 in 
England and Atkinson, 1946 ab in Australia on non-sterile aqueous extracts of plants 
against gram+ve Staphylococcus aureus, gram-ve Escherichia coliand Saimonella 
typhosa. 
Atkinson's group reported the screening of 1500 species of plants for their 
antimicrobial activity, Fifty of them showed fair activity and four of them inhibited 
both gram+ve and gram-ve bacteria. These four plants, Drosera whittakeri and 
the berries of three species of Persoonia (the former is known to contain two 
naphthoquinone derivatives, viz. droserone and hydroxydroserone), are being 
further investigated [Atkinson et al. 1946]. Screening results indicated that the 
seasonal variations, the part of the plants tested and treatment accorded may alter 
the nature of the results obtained, besides the species to which a particular plant 
belongs. Luckner and Luckner [1970] reported the antibacterial activity of a 
Naphthoquinone - Plumbagin, in Drosera rotundifolia. Mukherjee and Kundu [1973] 
observed antifungal activity of some phenolics and related compounds in which 
tannic acid, pentachlorophenol, picric acid and pyrogallol were proved to be the 
most promising inhibitors of i-lelminthosporium oryzae, Alternaria solani and 
Curvularia lunata. Increased antibacterial and astrigent properties were exhibited 
by Psidium guajava with the increase in the tannin content in the plant parts. Hence, 
the bark (30% tannins) showed highest, leaves (10% tannins) showed medium and 
root (low tannin) showed minimum activity [Ekabua and Eka-ou, 1978]. Clark, [1981] 
also observed antimicrobial activities of phenolic constituents of Magnolia 
grandiflora L 
Details of seventeen plants extracts on the inhibitory effects of the pathogenic 
Car)dida and Aspergillus sps. are tabulated by Simeray et al, [1982]. The extract 
o1 Cocculus laurifolius showed a wide spectrum of activity and its properties were 
attributed to the presence of condensed tannins. Shirata and Takahashi [1982] 
detected the production of antimicrobial substances in the leaves of Morus alba 
and other plants of Moraceae family. Phytochemical screening of the aerial parts 
of Thymus carnosus Boiss revealed the presence of essential oil, tannins, flavonoids, 
phenolic acids, sterols and triterpenes. The phenolic compounds caffeic, vanillic, 
p-coumeric, p-hydroxy-benzoic and syringic acids showed antibacterial activity 
against several human pathogenic gram-ve and gram+ve bacteria [Marhuenda,1987] 
Hasan et al, [1989] examined antibacterial activity of Nigella sativa extract 
against gram+ve and gram-ve bacteria. The lowest minimum inhibitory concentration 
of 5 ng/disc was observed against Bacillus polymyxa. 
Kambu etal, [19901conducted a screening study on thirty eight plant extracts 
used as traditional medicines in a village, Kinshasa [Zaire], against diarrhoea. Thirty 
five of them, showed significant bactericidal activity, thirty of them inhibited the 
growth of all test bacteria and five of them inhibited only some of the bacteria. 
The bactericidal activity has been found to be due to the presence of polyphenols, 
flavonoids, catechins, tannins, saponins and alkaloids in the extracts. 
Brantner and Brantner [1991] tested the activity of flavonoids against gram+ve 
as well gram-ve human pathogenic bacteria and yeast. Flavonoid compounds like 
flavones, flavonols, flavonones and glycosides were dissolved in DMSO and tween 
80 in a concentration range from 50 to 800 ^g/ml nutrient medium. Bioassay 
guided fractionation of methanol extract of Impatiens balsamina known as "Bong 
Sun Hwa" in Korea, gave a napthoquinone derivative, 2- methoxy-1, 4-
naphthoquinone which showed strong antifungal activity against Candida albicans, 
Aspergillus niger, Cryptococcus neoformans and Epidern)ophyton floccosum . This 
compound (MIC 5ng/ml) showed a comparable potency as that of nystatin. Strong 
antibacterial activity of 2 - methoxy -1 ,4 naphthoquinole against gram+ve bacteria 
Bacillus subtilis as well as gram-ve bacteria Salmonella typhimurium was also 
reported by Kang and Moon, 1992. 
Gebre Mariam et al, [1993] found that the aqueous extracts of the stem bark 
and wood of seven mostly chewed plant sticks namely Clausena anisata, Licrustrum 
vulgare, Olea africana, Phoenix reclinata, Rhamnusprinoids, Salix subserrata and 
Sterospermum kunthianum were found to have significant activity against 
Streptococcus viridans. Chemical analysis of the extracts showed the presence 
of alkaloids, polyphenols, and saponins in all the plants, cardiac glycosides in 
two plants and anthraquinone In one of the plants. The antimicrobial activity shown 
by plant extracts may be attributed to the presence of the polyphenols. 
Belachew Desta [1993] tested a total of 315 extracts/fractions from sixty three 
traditionally used Ethiopian plants including Achyranthes aspera L., Berberis holstii 
Engl., Calotropis procera [Ait]., Chenopodium ambrosioides, Combretum 
paniculatum vent., Commelina benghalensis L., Commiphora Sp. Cucumics 
prophetarum; Datura strammonium L; Lepidium sativum L., Nigella sativa, Ocimum 
lamifolium. Plantago lanceolata L., Plumbago zeylanica L., Punica granatum L., 
Solanum tuberosum L. for their antimicrobial activity using known strains of 
Staphylococcus aureus, Salmonella gallinarum, Escherichia coll, Proteus vulgaris, 
Pseudomonas aeruginosa, Klebsiella pneumoniae and Candida albicans by agar 
plate well diffusion method with sample concentration of 1000 ^g/mj. All the plants 
showed activity against one or more of the microorganisms. Direct aqueous extracts 
of some of these plants were found to be active against all the test organisms 
supporting the traditional therapeutic use of these herbs in aqueous dosage forms. 
The relative susceptibility of the test organisms to the some of extracts/fractions 
indicated a decreasing rank of order of Staphylococcus aureus> Pseudomonas 
aerugainosa> Candida albicans > Salmonella gallinarum > Escherichia coli > 
Klebsiella pneumoniae > Proteus valgaris. 
Khan et al, [1993] found that the growth of Bacillus subtilis. Staphylococcus 
aureus, Escherichia coli, Pseudomonas aeruginosa and Aspergillus niger was 
markedly inhibited by the extracts and purified compounds obtained from the extracts 
of the fruits of Solanum nigrum and Solanum xanthocarpum. The extract and 
one of the purified compounds obtained from Withania somnifera fruits showed 
little inhibitory activity against the test organisms, whereas, another compound from 
Withania somnifera showed inhibitory activity against Bacillus subitilis. 
Staphylococcus aureus and Escherichia coli. Didry et al, [1993] investigated the 
antimicrobial properties of protoanemonin isolated from the aerial parts of 
Ranunculus bulbosus. Due to its marked inhibitory effects and broad spectrum 
activity against aerobes and anaerobes including multiresistant pathogenic strains, 
protoanemonin has been reported as a promising antimicrobial natural compound. 
Combinations of Protoanemonin and prevalent antibiotics were also 
investigated. Out of twenty two antibiotic- protoanemonin combinations, twenty 
showed partial and one showed a complete synergism against aerobic bacteria. 
The best was the protoanemonin-cefamandole combination against a pathogenic 
strain of Staphylococcus aureus. Olukoya et al, [1993] studied the antibacterial 
activity of following plants used by local populace of Nigeria in the treatment of 
various infections viz. Anthocleista nogelii, Asparagus africanus, Boerhavia diffusa, 
Combretum bracteatum, Combretum racemosum, Crewia carpinifolia, Emilia 
cocinea, Ipomoea involucrata, Lannea melwitschii, Phyllanthus discoideus. Most 
of them showed definite antimicrobial activity. 
Brantner and Green [1994] screened plants selected on the basis of medicinal 
folklore reports and literature data from twenty eight families. The results indicated 
that about 60% of the aqueous extracts exhibited some level of antibacterial action 
and the following plants seems to be the most promising for further studies, leaves 
of Betula pendula, Eucalyptus globulus, Hamamelis virginiana, Rubus fruiticose, 
Salvia offcinalis and Vaccinium myrtillus, aerial parts of Drosera rotundifolia, Hedera 
helix. Origanum majorana, Origanum creticum, Pulmonaria officinalis and Sanicula 
europaea, flower of Tilia cordata, seeds of Quercus robur, barks of Hamamelis 
virginiana and Quercus robur, roots of Arctium lappa and rhizomes of Potentilla 
erecta. 
Saxena et al, [1994] evaluated the antimicrobial activity of the methanol 
extract and isolated constituents of Rhus glabra (Anacardaceae) a sp. used in folk 
medicine by North American native people against eleven microorganisms including 
gram+ve and gram-ve bacteria. The extract was subsequently fractionated and 
monitored by biossay leading to isolation of 3 antibacterial compounds, the 
methylester of 3,4,5- trihydroxybenzoic acid [methyl gallate] [MIC 12.5 ^ig/ml], 
4- methoxy-3,5- dihydroxybenzoic acid [MIC 25 ^ig/ml] and gallic acid [ MIC> 1000 
^ig/ml]. Tanira etal, [1994] reported the antimicrobial and phytochemical screening 
of twenty one medicinal plants of the United Arab Emirates including Nigella sativa, 
Cyperus rotundus, Calotropis procera, Cistanche tubulosa, Heliotropium kotschyi 
and Teucium stocksianum. About 50% of the plant extracts showed antimicrobial 
activity against one or another type of microorganisms such as Candida albicans 
and Klebsiella pneumoniae . 
Kandil et al, [1994] reported a preliminary phytochemical screening of the 
plant Thymus cap/fafi/s which exhibited the presence of saponins, resins, flavonoids, 
essential and fixed oils. Aqueous and ethanolic extracts (10 - 200 mg/ml) as well 
as saponins, resins and essential oil of the plants ( 10-5000 ^ig/ml) inhibited the 
growth of several bacteria and fungi. Perez and Anesini [1994] screened aqueous 
extracts of 132 samples from fifty four plants families, commonly used in Argentine 
folk medicine for their antibacterial activity against Salmonella typhi by agar well 
diffusion method. A reference concentration response curve for ampicillin was used 
to estimate the apparent activity of the samples. Twenty four species showed 
antibacterial activity, in which the extracts of Foeniculum vulgare, Citrus sinensis. 
Glycrrhiza astragalina, and Rosmarinus officinalis Cassia occidentalis roots, l-lemia 
salicifolia aerial parts, Punica granatum fruit pericarp and Rosabohnana flowers 
were found to be more active. In view of the multiple drug resistance of Salmonella 
typhi, these findings could be useful in the search of new clinically useful 
antimicrobials. 
Sotohy et al, [1995] tested in vitro effect of tannin containing Egyptian 
plants and their extracts on the survival of pathogenic bacteria and reported 
antibacterial activity of soluble polyphenols and condensed tannins. The antimicrobial 
effect was only observed on Clostridium perfringens. It is suggested that plants 
containing tannins could be used as a forage supplement (at low dose of 0.5%) 
to reduce animal losses by enterotoxaemic diseases such as pulpy kidney disease 
in sheep. Amphawan et al, [1995] studied antifungal properties of turmeric oil 
and curcumin, isolated from Curcuma longa, against fifteen isolates of 
dermatophytes, four isolates of pathogenic molds and six isolates of yeasts. The 
inhibitory activity of turmeric oil was tested in Trictiophyton induced dermatophytosis 
in guinea pigs. The results showed that all fifteen isolates of dermatophytes could 
be inhibited by turmeric oil at dilution of 1:40-1:320, however, curcumin did not 
show any activity. Isolates of pathogenic fungi were inhibited by turmeric oil at dilution 
of 1:40-1:80 but not inhibited by curcumin. All the six isolates of yeasts proved 
to be insensitive to both turmeric oil and curcumin in an other experiment. The 
dermal application of turmeric oil (1:80 dilution) on the 7th day following 
dermatophytosis induction with Trichophyton rubrum in the experimental animals, 
an improvement in lesions was observed in 2-5 days and the lesions disappeared 
in 6-7 days after the application. Alonsopaz et al, [1995] screened Uruguayan 
medicinal plants for their antimicrobial activity including Apium leptophyllum, 
Andredera cordifolia, Commelina erecta, Equisetum giganteum specially against 
Escherichia coli and Pseudomonas aeruginosa. It was observed that gram-ve 
organism Pseudomanas aeruginosa, was inhibited by plant extracts although 
it is more resistant to antibiotics than other gram-ve bacteria [Stickler and King, 
1992]. 
John etal, [1996] reported activity of bromhexine and ambroxol, semisynthetic 
derivatives of vasicine from the Indian shrub Adhatoda vasica against 
Mycobacterium tuberculosis in vitro. Morina [1996] tested aqueous extract of 
Allium sativm and its active constituent, allicin, against twenty pathogenic 
strains of gram+ve and gram-ve bacteria. The extract and allicin showed significant 
activity against all tested bacteria except Pseudomonas. Yukawa et al, [1996] 
examined hot water extract of Terminalia chebula which showed anti-herpes simplex 
virus [HSV] activity in vivo, in an anti-cytomegalovirus [CMV] activity in vitro. It 
inhibited replication of human CMV and murine CMV [MCMV] in vitro. Whereas 
anti-cytomegalovirus [CMV] activity in vivo were examined on a MCMV infection 
model using immunosuppressed mice. 
David Mirelman [1997] investigated the mechanism of fighting infection by 
allicin, the main biologically active component in Allium sativum. Allicin disables 
dysentery causing amoebae by blocking two enzymes, cysteine proteinases and 
alcohol dehydrogenases. The cysteinproteinase enzymes provide infectious 
organism a way to damaging and invading into tissues while alcohol 
dehydrogenases help the harmful organism to metabolise and survive. As these 
enzymes are found in many different harmful organisms, the allicin could be used 
as as broad-spectrum antimicrobial drug that can fight a wide range of infections. 
Zhu et al, [1997] observed the biological activity in polyphenols obtained 
from some plant extracts, whereas the biological activity was missing in the remaning 
extract. It was suggested that the loss of biological activity was due to the removal 
of active compounds from the extract. 
Akande and Hayashi [1998] tested two strains of enteropathogenic gram+ve 
bacteria {Staphylococcus aureus and Staphylococcus auricularis) for their 
resistance to extracts from tropical chewing stick species. The Result showed that 
only Terminalia glaucesens showed appreciable broad antibiotic effect against 
Staphylococcus aureus and Staphylococcus auricularis. Intense antibiotic activity 
against Staphylococcus aureus occured when using a 2.0 g/l extract concentration 
and a thirty hours incubation. Terminalia glaucesens also showed strong activity 
against Staphylococcus auricularia at 2.0 g/l concentration at a thirty hours 
incubation when all other extracts had lost their potency. Azadirachta indica is, 
however, most effective against Staphylococcus aureus, showing appreciable 
antibiotic activity at 0.4 g/l concentration at a thirty hours incubation. Zanthoxylum 
gilleti has no antibiotic activity against any of the test bacteria. 
2.2.3. Selected Indian Medicinal plants 
The Indian subcontinent is enormously endowed with one of the most 
indigenous knowledge base of medicinal plants and herbs that has played a vital 
role in traditional health care system. Recently attention Is being paid to the 
possible use of the plants as another source compounds with antibiotic activity. 
The Indian folk medicines comprise of numerous herbal prescriptions for various 
therapeutic purpose. The plants were selected on the basis of (a) medicinal folklore 
reports and (b) some preliminary reports on antimicrobial properties of medicinal 
plants. 
2.2.3.1. Emblica officinalis (Euphorbiaceae) is locally known as "Amia". The fruit 
extract of the plant showed several biological activities such as antiulcer, 
antimutagenic, hepatoprotective, hypolipidaemic, anti-inflammatory and antipyretic 
[Chawla et al, 1982; Thakur and Mandal, 1984; Asmawi, 1993; Rani et al, 1995; 
Gulati et al, 1995 ]. The scientific evaluation of Emblica officinalis revealed their 
antibacterial activity against Staphylococcus aureus and Escherichia coti and 
antimicrobial substance phyllemblin was isolated from stem gall callus of the plant 
[Khanna et al, 1973 ; Jain, 1974). However, detailed study on antibacterial and 
antifungal activities of this plant has not yet been reported. 
2.2.3.2. Holarrliena antidysenterica ( Apocynaceae ) is commonly known as 
"Kurchi". The crude extract of this plant is widely known for its antiprotozoal, 
anthelmintic, antiamoebic and hypotensive activity [Singh et al, 1980; Shah & 
Qadry, 1993 and Siddiqui etal, 1995]. The in vitro inhibitory action of active alkaloid 
conessine, on the growth of Mycobacterium tuberculosis was observed by Lambir 
and Bernard [1953]. In India, Dey & Das [1988] reported antibacterial activity 
against ShigeUa sp. However, no detailed study were reported for their antibacterial 
and antifungal activity. 
2.2.3.3. Plumbago zeylanica (Plumbaginaceae) is popularly known as "Chita". 
Screening of the root extract demonstrated several types of bioactivity including 
antiulcer, antileprosy, antitumour, anticancer and hypolipidaemic activity [Chopra 
etal, 1956; Dahanukar & Hazra, 1995; Kaviman etal, 1996]. Ethnopharmacological 
data available on this plant indicated promising antimicrobial activity against 
Staphylococcus aureus , Staphylococcus citreus, Klebsiella pneumoniae and 
Neisseria gonorrhoe [ Krishnaswamy, 1980; Gundidza & Manwa, 1990]. It was 
interesting to note that the active principle of this plant, a napthoquinone, plumbagin 
also exhibited antifungal activity against Rhizopus nigricans and Penicillium 
notatum [Purushothaman, 1985] This further prompted us to study the antimicrobial 
activity of this plant against several pathogenic fungi and bacteria. 
2.2.3.4. Terml.iuiia chebula and Terminalia belerica (Combretaceae) are 
commonly known as "Harir and Bahera" respectively. The crude extract of Terminalia 
chebula is widely known for its anticancer, antiasthmatic and antimutagenic property 
[Azeem et al, 1992; Grover & Bala, 1992; Tokura et al, 1993] while the extract 
of Terminalia belerica for its antiseptic and antiasthmatic activities [Trivedi et al, 
1982; Bakhru, 1995]. The antibacterial activity of Terminalia chebula fruit extract 
against Clostridium tetani\Nas reported by Kulkarni et al, [1995] where as Nandy 
et al, [1997] observed the antimicrobial activities of fruit extract of Terminalia 
belerica. 
2.3. CYTOTOXICITY OF PLANT EXTRACTS 
Cytotoxicity testing of indigenous drugs is another essential part of preclinical 
studies when the drugs are to be used in clinical practice. All active principle of 
plants and natural products should be subjected to the some cytotoxicity studies 
as for synthetic drugs. Because there is a large gap between potential antimicrobial 
extracts and therapeutically potential extract. This may be due to the many reasons 
including the toxicMtv of plant extract itself. Several in vitro and in vivo methods 
are available for toxicity screening of medicinal plants. In the recent years many 
in vitro method have been developed which includes cytotoxicity studies by crown 
gall tumor inhibition, cytotoxicity to sheep erythrocytes, plant cell culture and animal 
cell culture and DNA intercalation prescreen etc. as described by [ Martin-cordero 
et al, 1995; Gupta et al, 1996]. Of these, cytotxicity to sheep erythrocytes assay 
is more valuable in determining the primary toxicity of crude plant extracts. 
Kusumoto [1992] found that the plant extracts of Indonesian plants Loranthus 
parasiticus, Helicteres isora, Strobilanthes crispus and woodfordia floribunda having 
inhibitory effects on reverse transcriptase of an RNA tumor virus-l showed no 
appreciable cytotoxicity at concentrations where more then 90% of reverse 
transcriptase activity was inhibited. 
Maria [1994] reported the cytotoxic screening of selected terpenoids from 
Asteraceae species and twelve pure compounds were subjected to cytotoxic 
screening. Three different cell lines in culture (KB, KB-VI and P 388) were used 
in cytotoxicity asse,. The significant cytotoxic activity was exhibited by five 
sesquiterpene lactones and moderate cytotoxicity by eudesmane. 
Xian-guoHe [1994] examined the cytotoxicity of the extract of Solanum 
nigrescens against sheep erythrocytes and observed hemolysis of the erythrocytes 
at all dilutions of the extract ranging from 1:1 to 1:1000 to a similar degree as 
in a positive control of tap water leads to be an obstacle to its systemic use. 
Vijaya et al, [1995] performed cytoxiclty test of the extracts of Cammellia 
sinensis and Eupliorbia hirta L.using the cell line. These extracts were found to 
be non-cytotoxic and effective antibacterial agents. Martin-Cordero et al, [1995] 
evaluated cytotoxic activty of an aqueous extract obtained from Retama 
sphaerocarpa against an animal cell culture (Help-2 Cell line) and brine shrimp 
toxicity test. It was concluded that this extract inhibited the cell growth in animal 
cell cultures and induced brine shrimp lethality. 
Gupta et al, [1996] tested the cytotoxicity activity of crude extracts from 
20 Panamanian plants used in traditional medicine and observed cytotoxicity in 
the clonogenic assay in three plant extracts, Cyperus luzulae. Piper auritum and 
Psychotria correae. Desmarchelier et al, [1996] performed the brine shrimp 
cytotoxicity bioassay to determine the toxicity of thirty nine extracts used traditionally 
as medicines by Ese'ejas, Amerindians who occupy the south-west Amazon rain 
forest, where only six plants showed strong cytotoxicity. 
2.4. PHYTOCHEMISTRY OF MEDICINAL PLANTS 
The post independence period has witnessed a spurt in the chemical studies 
on Indian medicinal plants and natural products isolated from them showing 
pronounced antimicrobial activity for their economic production and utilization in 
chemotherapy. Nevertheless, natural products of plant origin remain one of the 
few de no»/o sources of drug discovery [Dhawan, 1986]. Primary metabolites such 
as proteins, nucleic acid are the substances that are widely distributed virtually 
in all organisms occuring in one form or the other. They are needed for general 
growth and physiological development and they play an important role in basic 
processes of metabolism [Applezweig, 1980]. Primary metabolites can not be 
used as intermediates in the manufacture of high value semi-synthetic 
pharmaceutical products [Aharonowitz and Cohen, 1981]. Secondary metabolites 
often play ecologically significant role in how plants deal with their environment 
and, therefore, they are important in their ultimate survival. Secondary metabolites 
in plants may serve as a pollinator attractants. They help in chemical adaptations 
to environmental stresses and serve as defensive , protective or offensive 
chemicals against microorganisms, insects and higher herbivorous, predators and 
even against higher plants. [Wallace and f^ansell, 1976; Mann, 1978; Rosenthal 
and Janzen, 1979; Bell and Charlwood, 1980]. 
Secondary metabolites are, by definition, biologically active compounds, 
frequently present in small quantities compared to primary metabolites [Farnsworth 
and Morris, 1976]. Although, large quantities of secondary metabolites are not 
usually required due to their very strong biological activity and their selection by 
the external pressure during evolution, they are accumulated in plants due to 
continuous stimulation. They are biosynthesised in special type of cell and at 
distinct developmental stages as shown in Flow chart 1 making their isolation and 
purification difficult [Farnsworth and Bingel, 1977]. As a result, the secondary 
metabolites used commercially as biologically active compounds such as in 
pharmaceuticals, flavour, fragrances and pesticides etc. are generally high value-
low volume products. Thus, many bloactive secondary metabolites can be considered 
as speciality chemicals. As secondary metabolites often have highly complex 
stereostructures with many chiral centres for their biological activity, the conception 
that the most plant derived bloactive compounds are now produced synthetically 
seems to be unjustified [Nakanish, 1982; Klayman, 1985]. Biologically active 
secondary metabolites have found medicinal application as drug entities or as model 
compounds (templates) for synthetic and semi-synthetic drugs [Bohonos & Piersma, 
1966]. Some of the important secondary metabolites found in higher plants are 
alkaloids, flavonoids, glycosides, saponins, tannins, volatile oils, gums and resins 
etc. [lyenger, 1985]. 
2.4.1. Alkaloids : Alkaloids are naturally occuring, nitrogenous compounds. They 
are mostly basic In character and exist in plants, in the form of salts of inorganic 
or organic acids [Chatwal, 1990]. The nitrogen, they contain, may be a part of the 
open chain or a part of the heterocyclic ring system [Deven & Scott, 1975). Alkaloids 
are, more or less toxic substances which act primarily on the central nervous system 
[Shah and Qadry, 1993]. According to lyenger [1985] alkaloids may be classified 
into following groups : Tropanes {Belladonna herb, Hyoscyamus and Datura), 
Indoles {Rauwolfia, Ergot etc), Quinoline {Cinchona), Isoquinolines {Ipecac), 
Steroids {Holarrhena antidysentehca), Phenanthrenes {Opium), Pyrazole {Withania), 
and Diterpenoids {Aconite). Alkaloids are good analgesic, antipyretic, 
antispasmodic, stimulant, narcotic, and sedative, [lyenger, 1985]. 
2.4.2. Glycosides : Glycosides are naturally occuring compounds which yield a 
sugar portion (glycone) and a non-sugar portion (aglycone) on hydrolysis 
[Chatwal, 1990]. The linkage between the reducing group of sugars and the phenolic 
hydroxylor alcoholic hydroxyl groups of aglycone is called a" hem iacetal linkage." 
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Glycosides of this type are referred to as 0-gylcosides which easily undergo 
hydrolysis. Besides these, there are other types as well, like C-glycosides which 
do not undergo hydrolysis under normal conditions, N-and S-glycosides etc.[lyenger, 
1985].According to the basic structure of the aglycone portion, glycosides are further 
grouped as under : 
2.4.2.1. Steroidal (cardiac) glycosides: Their aglycones have a steroidal structure 
and are responsible for their specific actions, for example, they increase the 
intensity and decrease the rate of heart beat [lyenger, 1985]. Based on the lactone 
ring, cardiac glycosides are divided into two groups; if 5 membered lactone ring 
, then cardenolides e.g. Digitalis, and if 6 membered lactone ring, then 
Bufadienolides e.g. Urginea [Chatwal, 1990]. Slight disturbance in the lactone 
ring causes the loss of activity of the compound. Cardiac glycosides contain a 
special sugar called digitoxose and they may carry other sugars like glucose and 
rhamnose as well. Very often diuretic action is associated with steroidal glycosides 
as they promote improved circulation of blood through kidneys [Shah and 
Qadry,1993]. 
2.4.2.2. Saponin glycosides: The aglycones which result after hydrolysis of the 
glycosides are called sapogenins. Sapogenins could either be steroidal or 
triterpenoid type [Lalitha and Venkataraman,1991]. They are of medicinal value 
and are employed, for instant, as expectorant, emetic and diuretic etc. a common 
example is Licorice, [lyenger, 1985]. 
2.4.2.3. Anthracene glycosides: These are very good laxative [Dhawan, 1986]. 
They irritate the mucosa of the gut mainly of the large intestine. Chemically they 
are derivatives of anthracene and occur usually in two forms : the oxidized form 
e.g. anthraquinones and reduced forms e.g. anthrones, anthranols etc. [Devon and 
Scott, 1975]. 
2.4.2.4. Cyanogenetic glycosides: They yield hydrocyanic acid as one of the 
products on hydrolysis. Wild cherry bark contains this type of glycoside [lyenger, 
1985]. 
2.4.2.5. Flavonoid glycosides: These are mostly yellow pigments present in plants 
and licorice is one of the examples.They are phenolic in nature and are derivatives 
of 2-phenylbenzopyrones. A large number of physiological activities have been 
attributed to them. Some flavones may act as cardiac stimulant, some strengthen 
weak capillary blood vessels, some are good diuretic and some proved to be 
extremely good against liver damage [Havsteen, 1983]. 
2.4.2.6. Resinous glycosides: Some cathartic drugs, such as Ipomoea, owe their 
purgative action to the resin part of the glycosides [lyenger, 1985].The aglycone 
portion of the glycosides is responsible for the attributed therapeutic activity. It is 
very essential that sugars should also be present for promoting the activity [Shah 
and Qadry, 1993]. 
2.4.3. Tannins: Tannins, e.g. Catechu, are naturally occuring complex organic 
compounds possessing nitrogen free polyphenols of high molecular weight. They 
precipitate proteins and alkaloids. The astringent nature of tannins is due to their 
capability to precipitate proteins and to render them resistant to enzymatic attack. 
When applied on injury or a wound, tannins form a protective coating so as to 
prevent external irritation and thus promote healing [Sawabe et al, 1996]. 
2.4.4. Volatile oils: Volatile oils, such as lemongrass and cinnamon oils, are 
volatile principles obtained from plant materials by steam distillation. They possess 
characteristic odour. The active constituents present in volatile oils, are terpenes 
in association with alcohols, phenols, ketone, aldehyde or esters [Chatwal, 1990]. 
They are largely carminatives in action. Some are good appetizers as they can 
stimulate the secretion of gastric juice. Some volatile oils are good expectorant, 
diuretic, antiseptic, anthelmintic and antiparasitic [lyenger, 1985]. 
2.4.5. Gums: These are plant exudates, chemially they are amorphous 
polysaccharides. They have protecting and soothing action. Some are good laxatives 
while others are used in pharmaceutical preparation as emulsifying or suspending 
agents [Shah and Qadry, 1993]. 
2.4.6. Resins: Resins are naturally occuring complex organic compouds. Like 
gums these are also exuadates from the tree bark. They are oxidation products 
of essential oils. Resins are used in wound dressing and for filling the cavities 
of teeth caries as they melt [Leung, 1980] 
2.5. PHYTOCHEMICAL SCREENING OF SELECTED PLANTS 
2.5.1. Emblica officinalis: Chopra et al, [1980] reported that Emblica officinalis 
fruit contains phyllembic acid (6.3%), lipids (6%), and gallic acid (5%). Phyllembin 
from fruit pulp was identified as ethylgallate. Fruit of the Emblica officinalis is a 
rich source of vitamin C, pectin and tannins such as gallic acid, trigalloylglucose, 
terchebin, corilagin, phyllembic acid, phyllembelin and ellagic acid [ lyenger, 
1985; Chopra, 1992; Shah & Qadry. 1993; Rastogi & Mehrotra 1995]. 
2.5.2. Terminalia chebula : lyenger [1985] described that fruit of Terminalia 
chebula contains about 30% tannins such as chebulagic acid (ellagitannins), 
chebulinic acid, chebulic acid, ellagic and gallic acid. Bhaumik etal, [1989] identified 
two phenolic compounds viz. gallic acid and syringic acid in the fruits of Terminalia 
chebula. Lin etal, [1990] reported the structure of terchebulin, an ellagitannin having 
a novel tetraphenylcarboxylic acid (terchebulic acid) moiety and biogenetically related. 
tannins from Terminalia chebula while Kundu and Mahato [1993] isolated two new 
triterpenoids glycosides, chebuloside I and ll.Tokura and Kagawa [1993] reported 
the presence of an anticancer agents, chebulanic acid (Chebulanin I). Reddy 
ef a/, [1994] isolated two terpinene glucosides, arjungenin and arjunglucoside-l 
from alcohol extract of the fruits of Terminalia chebula. Rastogi & Mehrotra [1995] 
reported a tannin, terchebin, from fruits of Terminalia chebula. 
2.5.3. Terminalia belerica: The fruits of 7erm/na//a be/er/ca contain 17% tannins 
such as gallic acid, ellagic acid, ethyl gallate, galloylglucose and chebulagic 
acid. It also contains glucose, galactose, mannitol, fructose and rhamnose [ 
lyenger, 1985 ]. Rastogi and Mehrotra [1995] isolated a new cardiac glycoside, 
bellericanin, which yielded glucose and galactose (2:1). Nandy etal, [1997] reported 
triterpenoids such as methylester of arjungenin, methylester of tomentosic acid, 
bellericagenin-B, bellericaside-B, belleric acid, arjunglucoside-l, and bellericoside 
responsible for antimicrobial properties of the fruits of Terminalia belerica. 
2.5A.Plumbago zeylanica: Purushothaman et al, [1985] reported a 
naphthoquinone, plumbagin, in the roots of Plumbago zeylanica. Behl etal, [1993] 
as well as Rastogi & Mehrotra [1993 & 1995] isolated a number of naphthoquinone 
derivatives such as plumbagin, 5- chloroplumbagin, 3, 3-biplumbagin, elliptinone, 
isozeylinone, chitranone, zeylinone, droserone, plumbagic acid and 
plumbazeylanone from the roots.The roots of Plumbago zeylanica also yielded three 
new compounds viz. nonylnonanoate, nonyl-8-methyl-dodec-7-enoate and benzyl 
-2,5-dihydroxy-6-methoxy benzoate. The compounds such as 2,2-dimethyl-5-
hydroxy-6-acetyl chromene, stigmasterol acetate, lupeol acetate, friedelinol, lupeol, 
lupanone, sitosterone and stigmasterol were also isolated [Gupta et al, 1995 ]. 
2.5.5. Holarrhena antidysenterica: lyenger [1985] isolated steroidal alkaloids (2-
4%) such as conessine, norconessine, isoconessine, kurchicine, holarrhimine and 
holarrhenine from the stem bark of Holarrhena antidysenterica. Chopra, [1992] and 
Shah and Qadry [1993] reported that stem bark of Holarrhena antidysenterica 
contains 1.5% to 3% alkaloids in which 20-30% is conessine, the active alkaloid. 
Conessine is non-oxygenated and In addition to steroid structure, it contains 5-
membered nitrogen containing ring and a dimethyl amino group at 3 position. Other 
minor alkaloids are conessimlne and isoconessimine. A second group of oxygenated 
tetracyclic alkaloids like holarrhlmine, kurchiclne and hollarrihidine are also present. 
3. MATERIALS AND METHODS 
3. MATERIALS AND METHODS 
3.1. COLLECTION OF PLANT MATERIAL 
The authenticated samples of plants were supplied by the Himalaya Drug 
Company, 20, Najafgarh Road, New Delhi-15 and was further confirmed in the 
Department of Agricultural Microbiology, Institute of Agriculture, A.M.U., Aligarh-
202002 India for the purpose of record. The ethnobotanical data of all eighty two 
medicinal plants have been summarised in tablel. 
3.2. PREPARATION OF THE PLANT EXTRACTS 
The method of Made [1993] was adopted for preparation of plant extracts 
with little modifications. Briefly, 500 g powder of plant material was kept in 1000 
ml of water, hexane or ethanol for 72 hours and each mixture was stirred every 
24 hours using a sterile glass rod. Each extract was filtered using whatman filter 
paper and filterate so obtained was concentrated by using rotary evaporator (Plate 
1). Aqueous extracts were lyophilized using FD.1.6 lyophilizer (Helton, Denmark) 
and stored at 4°C for experiments. 
3.3. MICROORGANISMS USED 
Various strains of bacterial and fungal species were used in the present 
study. Their source of isolation and other relevent details have been summarized 
in table 2. 
3.4. COMPOSITION AND PREPARATION OF CULTURE MEDIA 
All the tests for antibacterial activity of plant extracts were carried out in 
soyabean casein digest broth/agar, whereas for antifungal and anticandidal activity, 
sabouraud dextrose agar/broth was used as dehydrated powder supplied by Hi. 
Media Pvt. Ltd. Bombay (India) 
Soyabean casein digest broth of pH 7.3 (trypton, 15g: soyapeptone, 5g: sodium 
chloride, 5g) powder was dissolved in distilled water by boiling and was autoclaved 
(T=121°C; P=15lb/inch2; t=15 min). For soyabean casein digest agar pH 7.3, 15g 
of agar powder was also added to the broth thus prepared. 
Sabouraud dextrose broth of pH 5.6 (dextrose, 40g: peptone, lOg) was dissolved 
in 1000 ml of distilled water, and was autoclaved (T=121°C; P=15lb/inch2; t=15 
min.). For sabouraud agar, 15 g agar powder was also added to the broth thus 
prepared. 
3.5. INOCULUM BUILD UP 
The bacterial culture was inoculated Into soyabean casein digest broth and 
incubated at 37°C for 4 hours while the dermatophytes and Candida albicans were 
inoculated into sabouraud broth and incubated at 28 ± 2 °C for 3-4 days and at 
37 °C for 6 hours respectively and the suspension was checked to provide 10^ 
CFU/ml. 
3.6. DETECTION OF ANTIMICROBIAL ACTIVITY 
The agar well diffusion method [Perez et al, 1990] was adopted with a few 
modifications for the antimicrobial screening of plant extracts. In brief, culture 
medium was inoculated with the microorganisms suspended in the soyabean casein 
digest broth. Wells of 8 mm diameter were punched into the agar medium and 
filled with plant extracts at a cone, of 200 mg/ml, solvent blanks as negative control 
and antibiotic solution (e.g. chloramphenicol and nystatin at cone. 100 |xg/ml) as 
positive control. The plates were then incubated at 37°C for 18 hours. The 
antimicrobial activity was evaluated by measuring the inhibition zone diameter 
observed. The modified technique of Horsefall and Rich [1953] was used for the 
antifungal screening of the plant extracts. The sabouraud dextrose agar plates 
were spot inoculated with the fungal spore inoculum (10^ spores) using standard 
5mm inoculation loop. One ml of plant extract of 200 mg/ml concentration was 
incorporated in 25 ml of medium. The plates were incubated at room temperature 
(29 ± 2 °C) and were observed upto 10 days for growth. The negative control was 
run parallel with the respective solvent of equal volume as that of the extract while 
nystatin served as positive control. The extracts demonstrating a significant zones 
of inhibition on the test organisms were further studied for their minimum inhibitory 
concentrations (MICs) against bacterial strains as well as against Candida albicans 
by standard dilution method of Sahm and Washington [1991] with a few modification. 
The stock solution of 1g /100 ml concentration was diluted to obtain the required 
range of concentrations by adding different volumes of diluted stock solutions to 
soyabean casein digest broth containing the test organisms (10^ CPU /ml). The 
MIC of the extract was regarded as the lowest concentration of the extracts that 
did not permit any visible bacterial or Candidal growth after the period of incubation. 
The negative control of respective solvent and positive control (nystatin and 
chloramphenicol) were maintained in each experiment. 
3.7. PHYTOCHEMICAL SCREENING AND SPECTROSCOPIC ANALYSIS 
The plants materials were screened for the presence of some biologically 
active substances including glycosides, phenolic compounds, alkaloids, tannins, 
saponins, flavonoids and steroids by standard qualitative methods. The methods 
described by Vogel [1958] and Odebiyi and Sofowora [1978], in which small 
amount of alcoholic extract of the crude drug was dissolved in 1 ml of water, few 
drops of sodium hydroxide were added to it. The development of yellow colour 
supports the presence of glycosides. The method of Fadeyi et a/[1989] was used 
to detect the phenolic compounds, in which small quantity of alcoholic extract of 
the drug was dissolved in 2 ml of distilled water and a few drops of 10% aq. ferric 
chloride solution were added, a blue green colouration indicates the presence of 
phenolic compounds. The test was described by Rizk [1982] and Bashir [1980] 
for testing alkaloids where a few drops of Mayer's reagent were added to 1ml of 
acidic aq. extract of drug, a white or pale yellow precipitate indicates the presence 
of alkaloids. Segleman and Farnsworth [1969] discussed the test for tannins. To 
1-2 ml of an aq. extract of the crude drug a few drops of 5% aq. ferric chloride 
solution was added. A bluish black colour was produced which disappeared on 
addition of a few drops of dil. sulphuric acid followed by the formation of yellowish 
brown ppt. In a test tube about 5 ml of an aq. extract of the drug was taken and 
a few drops of sodium bicarbonate solution was added, the mixture was shaken 
vigorously and was left for 3 min. Honey combs like froth was formed indicating 
the presence of saponins [El-Tawil, 1983]. The method of Kapoor et al, [1969] 
was used to test the presence of flavonoids. In test tube, 0.5 ml of alcoholic extract 
of the drug was taken and 5-10 drops of hydrochloric acid were added, followed 
by a small piece of zinc. The solution was boiled for few minutes, a pink, redish-
pink colour was produced. To test the presence of steroids, the method was 
described by Wall [1954]. In which 2 ml of acetic anhydride solution was added 
to 1ml of petroleum ether extract of the drugs in chloroform which was followed 
by 1 ml of cone, sulphuric acid. A green colour was developed which turns to blue.. 
IR spectra was performed on KBr disc by a Perkin Elmer 1719 FT-IR 
spectrophotometer, while UV-VIS spectra of alcoholic extract was measured using 
a Perkin Elmer 5 UVA/IS spectrophotmeter. 
3.8. DETERMINATION OF CYTOTOXICITY. 
The method described by Xiang and Ursula [1994] was employed to study 
cytotoxicity. Briefly, tenfold serial dilution of the extract were made in phosphate 
buffered saline. A total volume of 0.8 ml for each dilution was placed in an Eppendorf 
tube. A negative control tube containing saline water only and a positive control 
tube containing tap water were also included in the analysis. Fresh sheep 
erythrocytes were added to each tube, to give a final volume of 1 ml. Solutions 
were incubated at 37°C for 30 min. and all the tubes were centrifuged for 5 min. 
and then observed for hemolysis. 
3.9. RANKING OF FORMULATIONS 
Low rank given to a formulation with low MIC represents the high activity 
formulation and vice-versa. 
For instance, in case of Candida albicans the formulation no. 21 with lowest 
MIC of 900 |ig/ml was assigned a rank of 1. Whereas the formulation no. 7 with 
highest MIC of 9500 ng/ml was assigned to all the formulations with same MIC 
by taking the average of their rank positions. For instance, ties in ranks for formulation 
no. 10&23 with MIC of 1000 was calculated to be 2.5 by taking the average of 
their individual rank positions of 2 and 3 in case of Candida albicans 
Similarly, ties for MIC of 5000 p-g/ml was given the rank of 9.5 by taking 
the average of individual rank positions of 8, 9, 10 & 11 for the formulation nos. 
8,19,20 & 24 respectively in case of Candida albicans. The individual rank positions 
and the individual ranks of the formulation against the test organisms are given 
in table 3, 4 & 5. If the rank of a formulation is lower than the rank of any of its 
constituents the formulation, is classified as high activity formulation whereas if 
the rank of formulation is camparable with that of individual constituent it is classifed 
as well as medium activity formulation. A low activity was assigned to a formulation 
whose rank is comparatively higher than the rank of its constituents. 
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TABLE -2. Source of Microbial Cultures 
s. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
Microbial culture No. of strains 
Standard strains 
Escherichia coli K-12 J62-; 
Bacillus subtilis 
Proteus vulgaris 
Salmonella typhimurium 
Pseudomonas aeruginosa 
Candida albicans 
*Clinical isolates 
1 01 
01 
01 
01 
01 
01 
No. of 
bcdates 
Relevant markers 
Standard sensitive Strains to 
colicins and antibiotics 
F - Lac-, Pro-, His-, Try", Nal"* 
(ATrc-6051) 
Type strain 
(ATCC6380) 
Non motile strain 
(ATCC 23564) 
Pathogenic prototrophic Strain 
(ATCC 25619) 
antibiodc sensitive strains 
Pathogenic strain 
Clinical Condition 
Source 
Dr.J.N.S.Yadava 
Central Drug Research 
Institute (CDRI)Lucknow 
India 
Institute of Microbial 
Technology (MIECH) 
Qandigarh (India) 
Prof.AsisDatta 
School of life sciences 
Jawaharlal Nehru University 
Delhi (India) 
Source 
7. Staphylococcus aureus 05 
8. Staphylococcus epidermidis 05 
9. Pseudomonas aeruginosa 02 
10. Trichophyton rubrum 01 
11. Microsporum gypseum 01 
12. Epidermophyton floccosum 01 
Corneal ulcer 
-do-
Conjunctivius 
Conjunctivitis 
Corneal ulcer 
-do-
MiCTobiology 
Laboratory, Institute 
ofOpthalmology 
J.N. Medical College 
AAl.U.Aligarh 
India 
•Isolated during study 
TABLE -3. Ranking of formulations against Staphylococcus aureus 
F. Formulation MIC Rank 
No. Compositi'on \igfm\ 
21. 
24. 
11. 
25. 
23. 
22. 
4. 
1. 
2. 
14. 
16. 
7. 
13. 
3. 
15. 
17. 
19. 
10. 
6. 
9. 
20. 
5. 
8. 
12. 
18. 
EO+TC+TB+PZ 
EO+TB+PZ+HA 
EO+TC+TB 
EO+TC+TB+PZ+HA 
EO+TC+PZ+HA 
EO+TC+TB+HA 
EQ+HA 
EO+TC 
EO+TB 
EO+TB+HA 
EO+TC+HA 
TC+HA 
EO+TB+PZ 
EO+PZ 
EO+TC+PZ 
EO+PZ+HA 
TC+PZ+HA 
PZ+HA 
TC+PZ 
TB+HA 
TB+PZ+HA 
TC+TB 
TB+PZ 
TC+TB+PZ 
TC+TB+HA 
400 
400 
400 
450 
500 
500 
500 
500 
800 
850 
850 
900 
900 
1000 
1000 
1000 
2000 
3000 
4000 
4000 
4000 
5000 
5000 
5000 
5000 
2 
2 
2 
4 
6.5 
6.5 
6.5 
6.5 
9 
10.5 
10.5 
12.5 
12.5 
15 
15 
15 
17 
18 
20 
20 
20 
23.5 
23.5 
23.5 
23.5 
EO = Emblica officinalis TC =Terminalia chebula TB=Terminalia belerica 
PZ=Plumbago zeylanica HA=Holarrhena antidysenterica 
TABLE -4. Ranking of formulations against Escherichia coli 
F. Formulation MIC Rank 
No. Composition ^g/ml 
1. 
22. 
4. 
21. 
23. 
25. 
11. 
24. 
2. 
14. 
7. 
13. 
16. 
3. 
15. 
17. 
19. 
20. 
6. 
12. 
10. 
18. 
5. 
9. 
8. 
EO+TC 
EO+TC+TB+HA 
EO+HA 
EO+TC+TB+PZ 
EO+TC+PZ+HA 
EO+TC+TB+PZ+HA 
EO+TC+TB 
EO+TB+PZ+HA 
EO+TB 
EO+TB+HA 
TC+HA 
EO+TB+PZ 
EO+TC+HA 
EO+PZ 
EO+TC+PZ 
EO+PZ+HA 
TC+PZ+HA 
TB+PZ+HA 
TC+PZ 
TC+TB+PZ 
PZ+HA 
TC+TB+HA 
TC+TB 
TB+HA 
TB+PZ 
550 
550 
600 
600 
600 
650 
750 
800 
900 
900 
950 
1000 
1000 
1200 
1500 
2500 
2500 
5500 
6000 
6000 
6500 
6500 
7000 
7500 
8000 
1.5 
1.5 
4 
4 
4 
5 
6 
7 
8.5 
8.5 
10 
11.5 
11.5 
13 
14 
15.5 
15.5 
17 
18.5 
18.5 
20.5 
20.5 
22 
23 
24 
EO = Emblica officinalis TC =Terminalia chebula TB=Terminalia belerica 
PZ=Plumbago zeylanica HA=Holarrhena antidysenterica 
TABLE -S. Ranking of formulations against Candida albicans 
F. 
No. 
21. 
10. 
23. 
3. 
25. 
11. 
1. 
8. 
19. 
20. 
24. 
2. 
22. 
6. 
13. 
14. 
4. 
9. 
17. 
12. 
15. 
5. 
16. 
18. 
7. 
Formulation 
Composition 
EO+TC+TB+PZ 
PZ+HA 
EO+TC+PZ+HA 
E O P Z 
EO+TC+TB+PZ+HA 
EO+TC+TB 
EO+TC 
TB+PZ 
TC+PZ+HA 
TB+PZ+HA 
EO+TB+PZ+HA 
EOfTB 
EO+TC+TB+HA 
TC+PZ 
EO+TB+PZ 
EO+TB+HA 
EO+HA 
TB+HA 
EO+PZ+HA 
TC+TB+PZ 
EO+TC+PZ 
TC+TB 
EO+TC+HA 
TC+TB+HA 
TC+HA 
MIC 
Hg/ml 
900 
1000 
1000 
1500 
2000 
3000 
3500 
5000 
5000 
5000 
5000 
6000 
6000 
7000 
7000 
7000 
8000 
8000 
8000 
8000 
8000 
9000 
9000 
9000 
9500 
Rank 
1 
2.5 
2.5 
4 
5 
6 
7 
9.5 
9.5 
9.5 
9.5 
12.5 
12.5 
15 
15 
15 
19 
19 
19 
19 
19 
23 
23 
23 
25 
EO = Emblica officinalis TC =Terminalia chebula TB=Terminalia belerica 
PZ=Plumbago zeylanica HA=l-lolarrhena antidysenterica 

4. RESULTS 
Eighty two Indian medicinal plants belonging to 42 families were used in the 
present investigation. Details of their botanical and vernacular names, the parts of the 
plants used and medicinal/therapeutic applications are summarized in table-1: It is 
interesting to observe that some of the medicinal plants selected were already in 
traditional use to treat specific Infectious diseases. Extracts of each of the 82 plants 
were prepared in water, ethanol and hexane. General screening of extracts was done 
against gram+ve {Staphylococcus aureus, Staphylococcus epidermidis and Bacillus 
subtilis), gram-ve ( Escherichia coli, Pseudomonas aeruginosa, Salmonella 
typhimurium, Proteus vulgaris), a pathogenic yeast (Candida albicans) and three 
dermatophytes (Microsporum gypseum, Trichophyton rubrum and Epidermophyton 
floccosum) at a concentration of 200 mg/ml. The results of antimicrobial screening 
are summarized In table 6 & 7. 
4.1. ANTIMICROBIAL SCREENING OF AQUEOUS EXTRACTS OF PLANTS 
Of the 82 aqueous extracts tested, 13 plants extracts (Holarrhena antidysenterica 
Calotropis procera, Onosma bracteatum, Terminalia arjuna, Terminalia belerica, 
Terminalia chebula, Eclipta alba, Emt)lica officinalis. Acacia catechu. Aloe barbadensis. 
Plumbago zeylanica, Punica granatum and Withania somnifera) showed antibacterial 
activity. Five extracts (Onosma bracteatum, Terminalia belerica, Eclipta alba. Acacia 
catechu and Aloe barbadensis) inhibited gram+ve bacteria with a zone of inhibition 
ranging t)etween8and 19 mm. While eight plant extracts (Ca/ofrop/s procera Terminalia 
arjuna, Terminalia chebula, Emblica officinalis Plumbago zeylanica, Punica granatum 
and Withania somnifera) selectively inhibited the growth of gram+ve and gram-ve 
bacteria with zone of inhibition ranging between 8 and 20 mm as given in table - 6. 
Similarly, the 13 plant extracts of {Acorus calamus, Onosma bracteatum, Terminalia 
arjuna, Terminalia belerica, Terminalia chebula, Centratherum anthelminticum, 
Saussurea lappa, Abrus precatorius. Acacia arabica. Plumbago zeylanica, Punica 
granatum, Withania somnifera and Centella asiatica) showed antifugnal activity with 
zone of inhibition ranging from 8 to 20 mm as shown in table-7. 
4.2. ANTIMICROBIAL SCREENING OF ETHANOLIC EXTRACTS OF PLANTS 
The results Indicate that 56 ethanolic extracts exhibited antimicrobial activity 
A close examination of the results in table 6 and 7 showed that 52 plant extracts showed 
antibacterial while 37 plant extracts demonstrated antifungal activity. Thirty three plant 
extracts showed both antibacterial as well as antifungal activities, whereas four plant 
extracts showed only antifungal activity. The activity profile of 56 plant extract as shown 
in table 8 revealed that 19 plants extracts showed antibacterial activity with zones of 
inhibition in the range of 8 to 20 mm against all the test organisms, whereas, 4 plant 
extracts {Berberis aristata. Saussurea lappa, Aegle marmelos, Curcuma amada) 
displayed only antifungal activity with zone of inhibition ranging between 10 to 20 mm. 
While 19 plant extracts exhibited both the antibacterial and antifungal activities with 
zones of inhibition ranging from 8 to 20 mm or more. Nine plant extracts {Acorus calamus, 
Terminalia arjuna, Centratherum anthelminticum, Ocimum sanctum, Abrus precatorius. 
Cassia angustifolia. Cassia alata, Rubia cordifolia and Curcuma longa) demonstrated 
strong antifungal but moderate antibacterial activity with zones of inhibition in the 
range of 19 to 20 mm and 10 to 19 mm respectively. Similarly, 3 plant extracts {Eclipta 
alba, Tamarindus indica, Ferula narthex) showed strong antibacterial activity with 
zones of Inhibition in the range of 19 to 20 mm but showed moderate antifungal activity 
with 10 to 19 mm zone of inhibition. 
Plant extracts of Carum copticum and Zingiber officinale displayed low antifungal 
activity but showed moderate antibacterial activity with zones of inhibition 8 to 10 mm 
and 10 to 19 mm respectively. It is interesting to note that the plant extracts those 
showed antifungal activity also displayed strong anticandidal activity with zones of 
inhibition of 10 to > 19 mm, but demonstrated poor antidermatophytic activity with 
zone of inhibition ranging between 5 and 9 mm. 
4.3. ANTIMICROBIAL SCREENING OF HEXANE EXTRACTS OF PLANTS 
Among 82 hexane extracts, only five plant extracts namely Piper longum. 
Piper nigrum. Ferula narttiex, Elettaria cardamomum and Zingiber officinale sho\Ne6 
antibacterial activity. Three plant extracts displayed activity against gram+ve bacteria 
with zone of inhibition between 10 and 20 mm, whereas extract of Piper nigrum was 
highly active against gram+ve bacteria and other extracts inhibited the growth of the 
gram-ve and gram+ve bacteria showing zone of inhibition of 8 and 10 mm. On the 
other hand, none of the extracts showed any antifungal activity (Table 6 & 7). 
The extent of antimicrobial activity as (expressed in percentage of 82 plant 
samples) of each extract/fraction against the test organisms follows decreasing order 
of ethanolic (-68%) > aqueous (-16%) > hexane (-6%). In other words, antimicrobial 
activity was highest for ethanolic extract and lowest for hexane extracts. 
The cumulative percent inhibition for each extracts /fraction is shown in table-9 
&10 the result indicate that greater number of microorganisms were inhibited by alcoholic 
extracts with maximum cumulative percent inhibition per extracts of 441.9 for bacteria 
and 375.3 for fungi. As alcoholic extracts of plants showed highest zones of inhibitions 
> 19 mm against all the organisms, five most potent alcoholic extracts of plants i.e. of 
Emblica officinalis, Terminalia ctiebula, Terminalia belerica. Plumbago zeylanica and 
Holarrfiena antidysenterica (Plate no. 2 & 3) were selected for detailed studies as 
evident from table 7 and plates 4, 5 & 6. 
4.4. MINIMUM INHIBITORY CONCENTRATION (MIC) OF ETHANOLIC EXTRACTS 
OF SELECTED PLANTS 
The minimum inhibitory concentration (MIC) of all the five ethanolic extract were 
tested against Staptiylococcus aureus, Staphylococcus epidermidis, Bacillus subtilis, 
Escfiericfiia coli, Pseudomonas aeruginosa, Salmonella typhimurium, Proteus vulgaris 
and a pathogenic yeast Candida albicans as summarized in table-11 MIC ranging 
between 800- 9000 ^g/ml was recorded . Lowest MIC of 800 i^g/ml was shown by 
Emblica officinalis (fruit) aganist gram+ve Staphylococci {Staptiylococcus aureus and 
Staphylococcus epidermidis) and gram-ve Salmonella typhimurium. Whereas 
Pseudomonas aeruginosa. Bacillus subtilis, Escherichia coli and Proteus vulgaris 
showed MICs of 850, 900, 900 and 2000 i^g/ml respectively besides highest MIC of 
7000 L^g/ml showed by Candida ablicans as detailed in table-11 & figure 1 to figure 8. 
The ethanolic extracts showed MIC of 950 - 9000 [ig/ml for Terminalia chebula, 1000 -
8000 jig/ml for Holarrhena antidysenterica, 3000 - 5000 ^ ig/ml for Plumbago zeylanica 
and 4000-7000 ^ ig/ml for Terminalia belerica respectively against test organisms. The 
plant extracts displayed the high MIC of 7000 to 9000 ^ ig/ml against Candida albicans 
except Plumbago zeylanica which showed comparatively the lower MIC of 4000 pig/ml. 
Whereas lowest MIC of 2000 ^ig/ml was shown by Emblica officinalis against 
Proteus vulgaris followed by 2500 ^ig/ml by Terminalia chebula, 3500 ng/ml by 
Holarrhana antidysenterica, 5000 |ig/ml by Plumbago zeylanica, and 8000 ng/ml by 
Terminalia belerica respectively as shown in table -11 & figure - 7. 
Lowest MIC of 900 ^ ig/ml was shown by Emblica officinalis against Escherichia 
coli K-12 followed by 1500 i^g/ml by Terminalia chebula, 2500 ng/ml by Holarrhena 
antidysenterica, 4500 i^g/ml by Plumbago zeylanica and 7000 i^g/ml by Terminalia 
belerica respectively as given in table 11 & figure 6. 
On the basis of MIC studies, It was observed that the susceptibility of the test 
organism towards plant extracts followed a decreasing order of Staphylococcus aureus 
and Staphylococcus epidermidis > Salmonella typhimurium > Pseudomonas aeruginosa 
> Bacillus subtilis > Escherichia coli > Proteus vulgaris > Candida albicans as evident 
from table 9, 10&11. 
4.5. MINIMUM INHIBITORY CONCENTRATION (MIC) OF FORMULATIONS BASED 
ON ETHANOLIC EXTRACTS OF SELECTED PLANTS 
Ayurveda, Siddha, Amchi and Unani systems of medicines make formulation 
based herbal drugs and therefore, twenty five different formulations were prepared by 
mixing the plant extracts in equal quantities by weight and their minimum inhibitory 
concentration (MIC) were determined against gram+ve Staphylococcus aureus, 
gram-ve Escherichia co//and a pathogenic yeast Candida albicans as detailed in table 
12. The MICs of all the formulations ranged between 400 and 9000 (xg/ml. Against 
Staphylococcus aureus, MICs ranged between 400 and 5000 |ig/ml and formulation 
no. 11, 21 & 24 showed comparatively much lower MICs of 400 i^g/ml than those of 
individual extracts against Staphylococcus aureus. Formulation no. 25 showed an 
MICs of 450 M.g/ml whereas formulation no. 1,4, 22, & 23 showed MICs of 500 ^ g/ml. 
against Staphylococcus aureus (figure 9). Against Escherichia coli, the MICs of 
formulations ranged between 550-8000 ^g/ml. MIC of 550 i^g/ml was showed by 
formulations no. 1 & 22; of 600 |ig/ml by formulations no 4, 21 & 23 and 650 \ig/m\ by 
formulation no. 25, which are comparatively lower than the MICs of individual extracts, 
(figure 10). While against Candida albicans, the MICs of formulations ranged between 
900 and 9000 ^.g/ml; in which MIC of 900 M,g/ml by formulation no. 21 and of 1000 \LQ/ 
ml by formulations nos. 10 & 23 were observed and they are lower than the MICs of 
individual extracts (figure 11). The antimicrobial activity of all the formulations is also 
explained in terms of rank and average rank. The high activity formulations were given 
lower rank whereas low activity formulations were represented by high rank. (table.13 
& 14 and figure-12,13,14 & 15). The formulations having lowest rank against 
Staphylococcus aureus are 11, 21 & 24 followed by formulation no 1 & 4 of rank 6.5. 
Those formulations showing lowest rank of 1.5 against Esc/7er/c/7/aco//areformulation 
no. 1 & 22, followed by formulation no. 4 & 21 of rank 4 and formulation no. 25 of rank 
5. Similarly, against Candida albicans, the formulation no. 21 showed the lowest rank 
of 1 followed by formulation no. 23 of rank 2.5. The formulations showing lower rank 
than the rank of any one of their individual constituents are classified as high activity 
formulations with a rank upto 6.5 for Staphylococcus aureus, upto 7 for Escherichia 
coli and upto 7 for Candida albicans. Whereas formulations with rank somewhat 
comparable to those of pure extracts are classified as medium activity formulations 
having rank between 6.5 and 20 for Staphylococcus aurues, between 7 and 22 for 
Escherichia coli and between 7 and 23 for Candida albicans. However, formulations 
are classified as low activity formulations if rank is > 20 for Staphylococcus aureus, > 
22 for Escherichia co//and > 7 for Candida albicans (Table-15). 
Eight formulations (no. 1,4,11,21,22,23,24 and 25) showed high activity and 
thirteen of (no 2, 14, 16, 7, 13, 3, 15, 17, 19, 10, 6, 9 and 20) possessed medium 
activity against Staphylococcus aureus whereas eight formulations (no. 1,4,11,21, 
22, 23, 24 and 25) showed high and fifteen of (no 2, 14, 7, 13,16, 3,15.17.19, 20. 6. 
12,10,18 and 5) possessed medium activity against Esc/?er/c/7/a co//. Against Candida 
albicans, seven formulations (no. 21, 10, 23, 25, 11 and 1) possessed high and 
seventeen (no. 8, 19, 20. 24. 2. 22. 6, 13, 14, 4. 9. 17. 12, 15, 5, 16 and 18) showed 
medium activity Hence, eight formulations (no. 1. 4.11, 21, 22, 23, 24 and 25) out of 
25 were found to possess remarkable activity against one or the other organism, 
however, ten formulations (no. 21,23,11, 25,1,24,22, 4,2 and 3) seems to be more 
potent than any one of their constituent on the activity basis of average rank (table-14 
and figure 15). 
4.6. PHYTOCHEMICAL SCREENING OF ALCOHOLIC EXTRACTS OF SELECTED 
PLANTS 
The result of phytochemical screening of five ethanolic extracts is summarized 
in table-16. the tests demostrated that all the five ethanolic extracts of selected plants 
have biologically active constituents as follows; Emblica officinalis (Phenolic 
compounds, tannins and glycosides); Terminalia chebula (phenolic compounds, tannins 
and glycosides); Terminalia belerica (phenolic compounds, tannins and glycosides). 
Plumbago zeylanica (flavonoids and saponins) and Holarrhena antidysenterica (alkaloids 
and steroids). 
4.7. SPECTROSCOPIC STUDIES 
IR and UV-VIS spectra of plant extracts given in figure 15- 25, respectively and 
their interpretation is summarized in table 17. Name, structure and origin of the active 
constituents are given in table -18. 
4.8. CYTOTOXICITY OF SELECTED PLANT EXTRACTS AND FORMULATIONS 
The cytotoxicity of the five ethanolic extracts of selected plants and formulations 
showing outstanding antimicrobial activity was done on sheep erythrocytes. Hemolysis 
of the erythrocytes was not observed at any concentration of extracts or of formulation 
upto 200 i^g/ml. Only the positive control of tap water exhibited the strong hemolysis. 
Whereas the negative control containing only phosphate buffered saline exhibited no 
hemolysis (Table -19 & 20). 
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Plate-2. Fruits and extracts of Emblica officinalis, Terminalia 
chebula and Terminalia belerica 
PIate-3. Root, bark and extracts of Plumbago zeylanica and 
Holarrhena antidysenterica respectively 

PIate-4. Antibacterial activity of ethanolic extracts of Emblica 
officinalis (A), Terminalia belerica (B), Terminalia 
chebula (C), Plumbago zeylanica (D) and Holarrhena 
antidysenterica (E) with control of ethanol (F) against 
Staphylococcus aureus. 
Plate-5. Antibacterial activity of ethanolic extracts ot Emblica 
officinalis (A), Terminalia belerica (B), Terminalia 
chebula (C), Plumbago zeylanica (D) and Holarrhena 
antidysenterica (E) with control of ethanol (F) against 
Salmonella typhimurium. 

Plate-6. Antifungal activity of ethanolic extracts of Emblica 
officinalis (A), Terminalia belerica (B) and Terminalia 
chebula (C), against Candida albicans showing very 
clear zones of inhibition. 
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5. DISCUSSION 
One of the major problems of effective treatment of infectious diseases, is the 
emergence of drug resistance among microbial populations. The resistance may be 
mediated by chromosome or by plasm ids and the plasmids may also be trransfered to 
other bacterial populations besides its own progeny. Dissemination of plasmid mediated 
resistance to bacterial populations has, thus, further made bacterial strains resistant 
to many antibacterial drugs. There are now an increasing number of case reports 
documenting the development of clinical resistance to newer and broad spectrum 
antibacterial drugs like fluroquinolones (Norflox, Ciproflox, Ofloxacin etc.) in gram-ve 
bacilli such as Pseudomonas sp. and Salmonella sp. as reported by Howard et al, 
[1990] and Piddock etal, [1993]. Therefore, the prevailing drug resistance in pathogenic 
microoganisms associated with the use of antibiotics as well as their undesirable 
side effects have triggered the immense interest In drugs of plant origin. Plants are 
known to produce bioactive compounds In their natural course of life cycle as a part of 
metabolic process related to their survival under biotic and abiotic stresses of 
environment. Among these bioactive molecules, the compounds with antimicrobial 
activity may have the potential of being developed as plant based antimicrobial drugs 
and preparations therapeutic agents against infectious diseases. 
The history of drug discovery implies that the ethnobotanical approach is the 
most productive of the plant surveying methods and the recent findings including that 
of ours confirm this hypothesis. Now, it is imperative to evaluate these herbs by modern 
scientific techniques in order to have better understanding of the therapeutic, 
phytochemical and toxicological aspects of these herbal drugs. Such studies may 
lead to novel chemotherapeutic agents that would be more effective specially in the 
areas where the drug resistance is faced, leading to a better control of infectious 
diseases. In the light of above facts, the present investigations have been undertaken 
to determine the antimicrobial potential of Indian medicinal plants. While collecting 
ethnobotanical information from the literature, It was observed that a number of 
medicinal plants are used by traditional herbalist in different parts of India and world 
over, to treat different ailments. This forms the basis of selection of medicinal plants 
in our investigation. 
The study was conducted against several microorganisms selected on the basis 
of their pathogenicity Some of them are opportunistic and some of them are causing 
the respiratory disorders, eye diseases and diarrhoea leading to high mortality rate in 
infants. While others are causing dysentry, boils, abscesses, vaginitis and candidiasis 
etc. For example, gram+ve bacteria {Staphylococcus aureus, Staphylococcus 
epidermidis. Bacillus subtilis), gram-ve strains {Escherichia coli, Pseudomonas 
aeruginosa, Salmonella typhimurium, Proteus vulgaris), a pathogenic yeast {Candida 
albicans) and three dermatophytes {Microsporum gypseum, Trichophyton rubrum and 
Epidermophyton floccosum) are chosen. Screening for the antimicrobial activity of 
each plant extracts at a comparatively lower concentration of 200 mg/ml was done 
against all the above organisms so that the plant extracts with a low potency can be 
detected easily The results are very encouraging as 56 alcoholic extracts, 13 aqueous 
extracts and five hexane extracts from 82 plants showed antimicrobial activity against 
one or more test microorganisms. Table 6 & 7 represents the summary of the 
antibacterial and antifungal activity of the various extracts respectively against individual 
test organisms and table 8 displayed activity profile of ethanolic plant extracts. 
It is to be noted that out of thirteen aqueous extracts, eight extracts {Holarrhena 
antidysenterica, Calotropis procera, Terminalia belerica, Terminalia chebula, Emblica 
officinalis. Plumbago zeylanica, Punica granatum and Withania somnifera) inhibited 
the growth of gram+ve as well as gram-ve bacteria, however, the rest five extracts of 
Onosma bracteatum, Terminalia arjun, Eclipta alba, Acacia catechu and Aloe 
barbadensis are active only against gram+ve bacteria. Also, out of thirteen aqueous 
extracts, only Acorus calamus extract showed anticandidal as well as antidermatophytic 
activity while the rest displayed only anticandidal activity. It is interesting to note that 
Onosma bracteatum, Terminalia arjun, Terminalia belerica, Terminalia chebula. 
Plumbago zeylanica. Punica granatum and Withania somnifera extracts showed 
antibacterial as well as anticandidal activity whereas extracts of Centratherum 
anthelminticum, Saussurea lappa, Abrus precatorius, Acacia arabica and Centella 
asiatica demonstrated only anticandidal activity. The most susceptible organisms 
towards aqueous extracts were gram+ve Staphylococcus aureus, Staphylococcus 
epidermidis and Bacillus subtilis with each having the inhibition percent of 21 (table-9). 
Out of 56 ethanolic extracts, five extracts namely Emblica officinalis, Terminalia 
chebula, Terminalia belerica. Plumbago zeylanica and Holarrhena antidysenterica 
showed very strong antibacterial and antifungal activity with zones of inhibition > 20 
mm. Whereas ethanolic extracts of Eclipta alba, Tamarindus indica, Embelia ribes. 
Piper nigirm and Ferula narthex displayed strong antibacterial activity with inhibition 
zones of 19 - 20 mm in which Eclipta alba, Tamarindus indica and Ferula narthex a\so 
showed moderate antifungal activity. Berberis aristata, Saussurea lappa, Aegle 
marmelos and Curcuma amada showed only strong antifungal activity with zones of 
inhibition in the range of 19-20 mm. While Acorus calamus, Terminalia arjun, 
Centratherum anthelminticum, Ocimum sanctum, Abrus precatorius. Cassia angustifolia. 
Cassia alata, Rubia cordifolia and Curcuma longa showed strong antifungal and 
moderate antibacterial activity. Cinnamomum tamala, Acacia arabica, Acacia catecliu, 
Punica granatum and Withania somnifera showed strong antibacterial and antifungal 
activity with zones of inhibition ranging in 10-20 mm. The most susceptible organisms 
were gram+ve Staphylococci with inhibition percent of 88.4 when compared with that 
of 78.8% of Bacillus subtilis, 48% of Escherichia coli and Salmonella typhimurium, 
55.7% of Pseudomonas aeruginosa and 34.6% of Proteus vulgaris {table-9). 
Out of five hexane extracts, only Piper nigrum extracts showed strong 
antibacterial activity against both gram+ve and gram-ve bacteria followed by the extracts 
of Elettaria cardamomum. Piper longum exXracX was active agamsX Escherichia coli. 
Ferula narthex extract was active against Staphylococcus aureus as well as 
Staphylococcus epidermidis and Z/np/berofffc/na/e extracts was active against Bacillus 
subtilis. Staphylococcus aureus and Staphylococcus epidermidis. None of the fungi 
were inhibited by any of the hexane extracts. The most susceptible organisms were 
Staphylococci with inhibition percent of 7.6, followed by Bacillus subtilis with that of 
5.7% and Escherichia co//with that of 3.8% whereas Pseudomonas aeruginosa. Proteus 
vulgaris and Salmonella typhimurium were not inhibited by any of the hexane 
extracts(table-9). Similar reports on antibacterial and antifungal activity with varying 
degree in their potency were reported by several other workers [Mariam, 1947; Kurup, 
1956; Ikram & Haq, 1980; Dey & Das, 1988; Gundidza. 1990; Venkatanarayana etal, 
1992; Belachew Desta. 1993; Mehta etal, 1993]. 
The difference in the potency of extracts in different reports may be due to 
different methods adopted for screening. The extent of antimicrobial activity follows a 
decreasing rank order of alcohol > aqueous > hexane. Maximum number of plant extracts 
showed activity in alcoholic extracts as compared to aqueous and hexane extracts. 
This suggests that ethanol would be a better solvent in an attempt to isolate the 
antibacterial as well as antifungal principles than aqueous and hexane. Similar findings 
in ethanolic extracts were also reported by Mehta etal, [1993] on antibacterial activity 
of ethanolic extracts of Emblica officinalis, Terminalia chebula and Terminalia belerica 
against Staphylococcus aureus, Salmonella typhimurium. Vibrio cholerae and Klebsiella 
pneumonae while n-hexane and benzene extracts did not show any activity against 
above mentioned organisms. As can be seen from the table-6, several plant extracts 
showed antibacterial activity specialy against gram-ve bacteria. This fact is interesting 
as generally gram-ve organisms, particularly Pseudomonas aeruginosa, are more 
resistant than gram+ve one [Panizzi et al. 1993; Stickler & King, 1992]. On the basis of 
outstanding performance of five ethanolic extracts i.e. those of Emblic aofficinalis, 
Terminalia chebula, Terminalia belerica, Plumbago zeylanica and Holarrhena 
antidysenterica against test bacteria and fungi as evident from (table 6, 7, & 8), only 
these were selected for their MIC determination, phytochemical screening and 
cytotoxicity studies. The several formulations based on selected plants extracts, were 
prepared and subjected to MIC determination as well. 
The minimum inhibitory concentration (MIC) studies of all the five alcoholic 
extracts indicates that Emblica officinalis showed the lowest MIC of 800 ng/ml, followed 
by Terminalia cfiebula 950 ^ig/ml, Holarrhena antidysenterica, 1000 ^g/ml. Plumbago 
zeylanica 3000 ^ig/ml, and Terminalia belerica 4000 ^ ig/ml, against one or the other 
bacterial population (table 11 and figure Ito figure 8). Plumbago zeylanica showed the 
lowest MIC of 4000 ng/ml, against Candida albicans followed by Emblica officinalis 
(7000 ng/ml) and Terminalia belerica (7000 fig/ml), Holarrhena antidysenterica (8000 
|i,g/ml) and Terminalia chebula (9000 ng/ml). It seems that none of the authors have 
reported the minimum inhibitory concentrations of the crude plant extracts, chosen for 
this work. 
The antimicrobial screening and MIC study indicate that gram+ve bacteria, 
particularly Staphylococcus aureus and Staphylococcus epidermidis, excepting Bacillus 
subtilis, are most sensitive and readily inhibited by plant extracts than gram-ve bacteria 
{Salmonella typhimurium, Pseudomonas aeruginosa. Escherichia coli and Proteus 
vulgaris). There Is a morphological basis for the difference in susceptibilities. Escherichia 
coli and other gram-ve bacteria, excepting halobacteria, have an outer membrane 
composed mainly of llpopolysaccharlde molecules, as suggested by the strong 
resistance of wild type strains to hydrophobic antibiotics. The outer membrane also 
acts as a selective barrier to hydrophilic molecules [Nikaido and Vaara, 1985] with an 
exclusion limit of around 600 Da for sugars and peptides [Decad and Nikaido, 1976 
and Payne and Gilvarg, 1968]. Gram+ve bacteria lack this outer membrane but have 
a very much thicker peptldoglycan layer which is not as effective permeability barrier 
to hydrophilic solutes as its exclusion limit is approximate 10^ Da [Scherrer and Gerhardt, 
1971]. Bacillus subtilis'\sno\ as sensitive as Staphylococcus aureus and Staphylococcus 
epidermidis because they have the ability to form highly resistant resting stages called 
spores and constitute some of the most resistant forms of life. 
Amongst all the test organisms, Candida albicans is the most resistant form as 
evident from table 11 and figure 8. The interesting feature of Candida albicans is its 
ability to switch colony morphologies. It switches heritably, reversibly and at a high 
frequency (10-^  to 10"^  )among at least seven colony phenotypes or between white and 
opaque colour phenotypes. Colony morphology switching may cause variation in 
susceptibility to drugs and hence in the pathogenicity [Datta, 1992]. 
Twenty five different types of formulations based on selected plant extracts were 
also used in this study. The reason behind the testing of the formulations was to 
remain faithful to the traditional system of medicine as in the Ayurvedic and Unani 
systems, the formulations are also prescribed for a variety of ailments. It was intended 
to further testify the efficacy of traditionally prescribed as well as new formulations of 
different combinations of five selected plant extracts in order to find out the potential 
combined effect (Synergistic effect). Out of 25 formulations, ten formulations showed 
good synergistic activity possibily due to Interaction of two or more drugs which produce 
a combined effect than their separately measured Individual effects against the microbial 
population, leading to a significant reduction In the MIC in comparison to the MICs of 
individual extracts. 
The comparative evaluation of all the ten formulations indicates that formulation 
no. 11,21 & 24 are the most effective against the pathogenic Staphylococcus aureus 
strain and showed synergistic effect leading to fairly reduced MIC of 400 |xg/ml In 
comparison to the MICs of Individual extracts, (table 12 figure 9 ). Similarly, against 
gram-ve Escherichia coll, the formulation no 1 & 22 showed a highly reduced MIC of 
550 ^g/ml compared to the MICs of formulation constituents (table 12 figure 10). 
Formulations no. 10,21 & 23 found to be the most effective formulations against Candida 
albicans with reduced MICs of 900,1000 and 1000 jig/ml respectively In comparison to 
the MICs of Individual constituents as shown in table 12 figure 11. It Is Interesting to 
note that all the ten formulations showing strong synergistic effect, have Emblica 
officinalis as a common constituents. Further, the ethanollc extract of Emblica officinalis 
when tested separately showed the lowest MIC against bacterial population. 
The extents of synergism as measured in terms of synergism index (%) varies 
from 116.67% to 112.53% In the ten possible formulations based on two plant extracts 
against the three test organisms viz. Staphylococcus aureus, Escherichia coli and 
Candida albicans. Not all the formulations show synergism leading to the reduction in 
MICs as evident from table-21. The positive values of synergism index is indicative of 
synergism whereas negative value indicates antagonistic effect. By caretull examination 
of table-21 it may be infered that the formulation based on EO&TB (formulation no. 2), 
EO&HA (formulation no. 4) and PZ&HA (formulation no. 10) showed highest synergistic 
effect against Staphylococcus aureus, Escherichia coli and Candida albicans 
respectively. Whereas formulations based on EO&PZ (formulation no.3) stood second 
Interms of synergism index against all three organisms. Whereas the formulations based 
on TC&PZ (formulation no. 6) showed strong antagonistic effect on the MIC and hence, 
least effective against Staphylococcus aureus and Escherichia coli. Where as TC&TB 
(formulation no. 5) showed strong antagonistic effect on MIC against Candida albicans. 
It is therefore, deduced that the most effective and economic formulations will be those 
against a particular microorganism which showed higher synergism index. Where as 
least effective and uneconomic formulations will be those of lower synergism index. 
The five ethanolic plant extracts and formulations, showing outstanding antimicrobial 
activity showed no cytotoxicity as evident from table 19 & 20. 
RESULTS VALIDATING USE 
Traditionally, the fruit extracts of Emblica officinalis. Terminalia chebula, and 
Terminalia belerica are applied for the treatment of sore throat, cough, respiratory 
disorders, skin diseases, boils and abscesses, eye disorders, diarrhoea, dysentry, 
vaginitis etc. as reported by [lyenger, 1985, Chopra, 1992; Behl, 1993 and Bakhru, 
1995]. Studies show that the plants are active against some of the organisms responsible 
for above infections. Therefore, there is already enough support for validation of use 
for preparations derived from Emblica officinalis, Terminalia chebula and Terminalia 
belerica against eye Infections, boils, abscesses and other wound infections . All the 
three plants are broad spectrum antlbacterials and are strognly inhibitory to the gram+ve 
Staphylococcus aureus which is a major cause of blepharitis, conjunctivitis, boils, 
wound infections and abscesses. These active plants could provide potential alternatives 
to the antibiotics. The results also justify the traditional use of these plants on infections 
involving Staphylococcus aureus. The plants also inhibit the gram-ve bacteria, 
Escherichia coli. Salmonella typhimurium which sometimes cause severe gastro-
intestinal infections validating their use in diarrhoea, dysentry and stomachache as 
traditional medicine. Similarly, Plumbago zeylanica root extract which is used in open 
abscesses, other skin infections and diarrhoea suppresses established concentration 
of gram+ve {Staphylococcus aureus and Staphylococcus epidermidis) and gram-ve 
{Escherichia coli and Salmonella typhimurium). This justifies the use of Plumbago 
zeylanica as a traditional medicine in above mentioned infection conditions.The situation 
is quite similar with Holarrhena antidysenterica traditionally used in various gastro-
intestinal infections such as diarrhoea and dysentry It also strongly inhibits the growth 
of Escherichia coll, Salmonella typhimurium and Staphylococcus aureus justifying its 
use in many antidiarrhoeal preparations. Pseudomonas aeruginosa, one of the resistant 
bacteria to antibiotics amongst gram-ve population is a causative agent of a number of 
infections such as suppurative otitis, some localised infections of wounds and bedsores, 
eye infections and urinary tract infections, infections in burns and infantile diarrhoea 
[Ananthanarayan, 1990]. It is observed that all the five alcoholic plant extracts are very 
effective against Pseudomonas aeruginosa. The extracts may be explored to treat the 
infections caused by Pseudomonas aeruginosa. Candida albicans, which is associated 
with the pathogenesis of oral thrush (in children and elderly patients) provides some 
scientific rationale for the use of the extract as an oral wash and in the treatment of 
candidal oral thrush by some traditional herbalist [D'souza, 1993]. The studies on 
antimicrobial evaluation of formulations can further suggests the composition of most 
economic and most potent preparations for the treatment of particular infectious 
conditions. 
PHYTOCHEMICAL SCREENING OF ETHANOLIC EXTRACTS OF SELECTED 
PLANTS 
The phytochemical analysis of all the five ethanolic extracts of plants showed 
the presence of biologically active compounds such as phenolic compounds, tannins, 
glycosides in Emblica officinalis. Terminalia chebula and Terminalia belerica; saponins, 
and flavonoids in Plumbago zeylanica; steroids and alkaloids in Holarrhena 
antidysenterica. 
Emblica officinalis fruits extracts which mainly contains tannins such as gallic 
acid, phyllembelin and ellagic acid. Phyllembelin has been identified as ethylester of 
gallic acid (3, 4, 5. trihydroxybenzoic acid) or as ethylgallate. These compounds are 
known to be associated with the antimicrobial activity of Emblica officinalis fruit extract 
as reported by [Khanna etal, 1973; Jain, 1974; Saxena etal, 1994]. The fruit extract of 
Terminalia chebula on phytochemical screening indicates the presence mainly of tannins 
such as chebulagic acid (ellagitannins), ellagic acid, gallic acid and syringic acid (3,5-
methoxy-4 hydroxybenzoic acid) [Bhaumik et al, 1989]. The antimicrobial activity of 
Terminalia chebula may be attributed to be due to the presence of gallic and syringic 
acids [ Marhuenda, 1987; Saxena etal, 1994]. Phytochemical analysis of Terminalia 
belerica showed the presence of tannins, glycosides and triterpenoids such as 
methylesterof arjungenin, methylesterof tomentosicacid, bellericagenin B, bellericaside 
B, belleric acid, arjunglucoside I and bellericoside. These are known to be associated 
with the antimicrobial property of the fruits of Terminalia belerica as reported by [ Nandy 
etal, 1997]. Phytochemical analysis of Plumbago zeylanica root extracts showed the 
presence of flavonoids and saponins, but it is also known to be containing a 
naphthoquinone (5-hydroxy-2 methyl-1,4-naphthoquinone) known as plumbagin which 
is associated with the antimicrobial property of Plumbago zeylanica [Krishnaswamy, 
1980; Purushothaman, 1985; Hamsaveni, 1986]. Phytochemical analysis of alcoholic 
extracts of the bark of Holarrhena antidysenterica showed the presence of an alkaloids 
and steroids. The bark of Holarrhena antidysenterica contains a steroidal alkaloid as a 
major constituents known as conessine as an active constituent. Previous reports 
suggests that conessine is responsible for antimicrobial activity, especially antitubercular 
activity, as reported by [Chopra, 1980]. The presence of all the bioactive compounds 
those might be responsible for antimicrobial activities are supported by our UV and IR 
spectroscopic data as detailed in table 17 and figure 16 - 25. The structural formulae of 
some of the active compounds are given in table 18. 
Phenolic compounds are widely distributed In the plant kingdom.These include 
simple phenols, coumarine flavonoids and complex phenols such as tannins [Singh, 
1991]. The broad spectrum antibacterial and antifungal properties are attributed to the 
phenolic compounds [Clark, 1981; SImeray et al, 1982; Marhuenda, 1987; Iyer & 
Williamson, 1991; Gnanaguru et al, 1992]. Tannins have been shown to form irreversible 
complexes with proline rich proteins [Hagerman & Butler, 1981] which would result in 
the inhibition of cell wall and protein synthesis. This property may explain the mechanism 
of action of the plant extracts having tannins as a major constituent. Shah & Qadry 
[1993] suggested that tannins can be used as antiseptic on skin and mucous membrane, 
they precipitate the protlens leading to starvation of microorganisms as protein is not 
available in food. Tannins are used as healing agents In inflammation, leucorrhoea, 
gonorrhoea, piles, burns etc. Phenol group is responsible for the antiseptic activity. 
Tannins are also used In gastro-lntestinal diseases like diarrhoea. 
6. CONCLUSIONS 
6. CONCLUSION 
Due to indiscriminate and non-judicial use of antibiotics it has resulted in the 
development of resistance to almost every old and new antibiotics among 
bacterial population. Further, presence of resistance plasmid and transposon 
in bacterial population, the emergence and spread of multiple drug resistance 
will be an alarming situation in near future.In many cases antimicrobial drugs 
does not find suitable place in chemotherapy due to their toxicity. Thus, 
management of infectious diseases should follow a uniform policy of antibiotic 
use after knowing the resistance status of microbial population in particular 
area. Use of non-microbial drugs of plant origin should be used whenever 
feasible to avoid excess use of antibiotics and toxicity problem. The present 
study revealed that medicinal plants may play very important role in 
management of infectious diseases through an integrated approach of modern 
and traditional systems of medicine. The study further stresses to continue 
search of new antimicrobials of plant origin against various infectious 
microorganisms of human and veterinary origin specially against multiple drug 
resistant pathogens. The findings of this investigation may be concluded as 
follows : 
1. The antimicrobial screening showed that out of 82 plant extracts, 56 
ethanolic extracts, 13 aqueous and 5 hexane extracts demonstrated 
antimicrobial activity against one or more organisms. This indicated that 
ethanol will be a better solvent to isolate antibacterial and antifungal 
principles than aqueous and hexane extracts. 
2. Five ethanolic plant extracts {Emblica officinalis, Terminaiia chebula, 
Terminalia belerica, Plumbago zeylanica and Holarrhena antidysenterica) 
showed outstanding antimicrobial activity in which extract of Emblica 
officinalis is the most active showing lowest MIC followed by the order of 
Terminalia chebula, Holarrhena antidysenterica. Plumbago zeylanica and 
Terminalia belerica. 
3. The susceptibility of the test organisms towards plant extracts followed 
the order of Staphylococcus aureus and Staphylococcus epidermidis > 
Salmonella typhimurium > Pseudomonas aeruginosa > Bacillus subtilis > 
Escherichia coli > Proteus vulgaris > Candida albicans > Dermatophytes. 
4. Remarkable activity against majority of the test organisms was shown by 
the ethanolic extract of above five plants which contain phenolic 
compounds, tannins steroidal alkaloid, naphthoquinone and saponins as 
the major bioactive compounds. 
5. The most effective formulations are formulation no. 21, 24, 11, 25, 23, 22, 
4 and 1 against Staphylococcus aureus; no. 1, 22, 4, 21, 23, 25, 11 and 24 
against Escherichia co//and no. 21, 23, 25, 11 and 1 against Candida 
albicans as evident from their lower MICs and their lower ranks. 
6. Formulations showing higher synergism index are most effective and 
economic, hence, if the formulation based on two constituents are to be 
prepared then EO&TB (formulation no. 2) against Staphylococcus aureus, 
EO&HA (formulation no. 4) against Escherichia co//and PZ&HA (formulation 
no. 10) are most effective and economic formulations. Whereas formulation 
based on TC&PZ (formulation no. 6) against Staphylococcus aureus as 
well as against Escherichia coll and TC&TB (formulation no.5") against 
Candida albicans are the most ineffective and uneconomic formulations. 
7. None of the five ethanolic extracts {Emblica officinalis, Terminalia chebula, 
Terminalia belerica. Plumbago zeylanica and Holarrhena antidysenterica) 
and their selective formulations showed any cell toxicity to sheep 
erythrocytes upto a maximum dose of 200mg/ml concentration. 
8. The results validate the use of Emblica officinalis (fruits), Terminalia chebula 
(fruits) and Terminalia belerica (fruit) in cough, respiratory disorders, sore 
throat, diarrhoea, dysentry, eye disorders, skin diseases, boils and 
abscesses; Plumbago zeylanica (root) in skin infections to open abscesses 
and also in diarrhoea while Holarrhena antidysenterica in various gastro-
intestinal infections such as diarrhoea. 
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ANTIFUNGAL ACTIVITY OF SOME ESSENTIAL OILS 
AND THEIR MAJOR CONSTITUENTS 
Z. Mehmood, S. Ahmad 
Microbiology Laboratory. Institute of Ophthalmology 
and 
F. Mohammad 
Department of Applied Chemistry 
Aligarh Muslim University, Aligarh- 202002 
ABSTRACT 
The antifungal properties of essential oils of Lemongrass, Palmarosa, Cinna-
mon and Mint were investigated using well agar diffusion method and of their major 
constituents by filter paper disc diffusion method. 
INTRODUCTION 
The essential oils of Lemongrass 
(Cymbopogon flexuosus, family Graminae), 
Palmarosa {Cymbopogon martini, family 
Graminae), Cinnamon {Cinnamomum 
zeylanicum, family Lauraceae) and Mint 
(Mentha an/ensis, family Labiatae) find varied 
uses in pharmaceutical formulations including 
that of disinfectants. In the present investiga-
tion these essential oils and their major con-
stituents were, therefore, subjected to antifun-
gal studies. 
EXPERIMENTAL 
Collection and Characterisation of Essen-
tial Oils 
Essential oils of Lemongrass and 
Palmarosa were obtained from the Central 
Institute of Medicinal and Aromatic 
Plants(CSIR), LucKnow. while essential oils of 
Cinnamon and Mint were purchased from the 
local market. 
Isolation and Characterisation of Test Or-
ganisms 
A total of 3 fungal isolates collected 
from Microbiology Laboratory, Institute of Oph-
thalmology, Aligarh Muslim University, Aligarh, 
were isolated from patient's eyes. The fungal 
isolates were identified as described by the 
method of Larone\ The fungal isolates stud-
ied were Aspergillus sp., Fusarium sp., 
Cladosporium sp. 
Screening for Antifungal Activity 
The method described by Kapil eta!.' 
was adopted with few modifications to deter-
mine the in vitro antifungal activity of essen-
tial oils. Pure cultures of test fungi were grown 
in Sabouraud's dextrose medium and well-
plate method was used to defenriine the ac-
tivity. A 0.1 ml of test oil was then placed in the 
depressions. The plates were then incubated 
at 26 ± f C for 3 to 5 days. The antifungal 
10 
activity of essential oil contitutents was deter- Bauer ef a/, using Satwuraud's dextrose agar 
mined by filter paper disc diffusion method of plates. (Table 1.2 and Fig.-I) 
Table -1 
Fungal 
isolates 
AntHunal Activity of Essential Oils 
Zones in inhibition (mm)* 
Lemongrass Palmarosa CinnanrK>n Mint 
oil oil oil oil 
Aspergillus sp. 
Fusarium sp. 
Cladosporium sp. 
40 
32 
35 
30 
42 
29 
42 
35 
33 
30 
31 
33 
•Diameter of the well - 8 mm 
Table-2 
Antifungal Activity of Essential Oils Constituents 
Zones of inhibition (mm)* 
Strains Citronellol Eugenoi Citral Geraniol Cinnamaidehyde Control 
N.Saline 
Aspergillus sp. 
Fusarium sp. 
Cladosporium sp. 
R 
R 
R 
24 
22 
24 
21 
20 
22 
19 
20 
18 
R 
R 
R 
R 
R 
R 
' Diameter of filter paper disc- 5 mm. 
RESULTS AND DISCUSSION 
The essential oils which showed re-
markable antifungal activity as revealed by the 
greater zones of inhibition are the oils of Cin-
namon and Lemongrass. Essential oil of Lem-
ongrass showed nnaximum antifungal activity 
against Aspergillus sp., with Palmarosa oil 
showing maximum activity against Fusarium 
sp. Our studies confirm the observations of 
Handique et a^, Gangradel et alJ and 
Srivastava ef a/.* 
The essential oil of Cinnarrx^n showed 
a significant antifungal activity against As-
pergillus. The activity against Fusarium sp. and 
Cladosporium sp. was slightly less. Similar an-
tifungal activity of Cinnamon oil has also been 
reported by Mishra etal.*. Mint oil also showed 
remarkable antifungal activity against 
Cladosporium, Fusarium and Aspergillus sp. 
Our studies of antifungal activities of Mint oil 
confirm the report of Kapil et al.* and Satinder 
era/.'". 
Some of the essential oil constituents 
, viz. citral, citronellol, geraniol. eugenoi and 
cinnamaidehyde were also subjected to anti-
fungal studies. Only cital, geranbl and eugenoi 
showed considerable antifungal activity (Tabie-
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Pig. 1 : Comparative Evaluation of Antifungal Activity of some Essential Oils. 
2). It was observed that antifungal activity of 
essential oils resides in eugenol, citral and ge-
raniol in wliich eugenol possessed the stron-
gest antifungal activity. 
CONCLUSION 
The studies reveal that Cinnamon oil 
is the most effective antifungal agent, whereas 
the activity of other essential oils is in the or-
der of Aspergillus sp., Fusarium sp. and 
Cladosporium sp. Eugenol is the strongest 
antifungal essential oil constituent, while citral 
and geraniol also posseses fairly good activ-
ity. 
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Abstract 
A total of 82 Indian medicinal plants traditionalh used in medicines were subjected to preliminar> aniibactenal 
screening agamsl several pathogenic and opportunistic microorganisms Aqueous hexane and alcoholic extracts of 
each plant were tested for their antibacterial acti\il\ using agar well diffusion^method at sample concentration ol 200 
mg ml The results indicated that out of 82 plants 56 exhibited antibacterial acti\it_\ against one or more test 
pathogens Jnterestingl> extracts of five plants showed strong and broad spectrum acti\it\ as compared to rest of •>! 
plant extracts which demonstrated moderate acti\it\ On the whole the alcoholic extracts showed greater acti\it\ than 
their corresponding aqueous and hexane extracts Among various extracts onl) alcoholic extracts of Enihlica 
offiiinalis. Terminalia ilwbula Tommaha helenca Pliimhas» zc^lmmu and Holairlwna anticl\sentviHa were found to 
show potentially interesting acii\it> against test bacteria These active crude alcoholic extracts were also assaved for 
cellular toxicity to fresh sheep erythrocytes and found to have no cellular toxicity r 1998 Elsevier Science Ireland 
Ltd All rights reserved 
Kc'\words Medicinal plants Antibacterial activity Cellular toxicity 
1. Introduction ditional system of medicine for a varieiv of 
diseases Several hundred genera are used medici-
A large portion of the world population, espe- naliy. mainly as herbal preparations m the indige-
cially in developing countries depends on the tra- nous systems of medicine in different countries 
~ and are sources of verv potent and powerful drugs 
• Corresponding author which have Stood the test of time and modern 
0^78-8741 98 S1900 c 1998 Else\ier Science Ireland Ltd All rights reser\ed 
Pll SO'*78 8741(98)000*;^ s 
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chemistry has not been able to replace most of 
them. The World Health Organization reported 
that SO'/o of the worlds population rely chiefly on 
traditional medicine and a major part of the 
traditional therapies involve the use of plant ex-
tracts or their active constituents (WHO. 1993). 
Due to the indiscriminate use of antimicrobial 
drugs the microorganisms have developed resis-
tance to many antibiotics. This has created im-
mense clinical problem in the treatment of 
infectious diseases (Davis, 1994). /n addition to 
this problem, antibiotics are sometimes associated 
with adverse effects on host which include hyper-
sensitivity, depletion of beneficial gut and mucosal 
microorganisms, immunosuppression and allergic 
reactions (Idose et al., 1968). Therefore there is a 
need to develop alternative antimicrobial drugs 
for the treatment of infectious diseases. One ap-
proach is to screen local medicinal plants for 
possible antimicrobial properties. Medicinal herbs 
represent a rich source from which novel antibac-
terial and antifungal chemotherapeutic agents 
may be obtained. The present investigation repre-
sents a preliminary screening, in an on going 
programme on plant antimicrobials and the work 
is in progress for the isolation and identification 
of the antibacterial compound from plants having 
broad spectrum antimicrobial activity. A total of 
82 plants from 42 families, selected on the basis of 
medicinal folklore reports and their common use 
in Indian traditional systems of medicine (lyenger. 
1985; Chopra et al., 1992; Anesini and Perez. 
1993; Behl and Arora, 1993; Belachew Desta, 
1993; D'souza, 1993; Perez and Anesini, 1994; 
Ibrahim and Osman, 1995; Youvraj et al., 1995) 
were studied for their antimicrobial properties. 
Claims of effective therapy for the treatment of 
jaundice, cough, chronic ulcers and wounds, di-
arrhoea, dysentery, leprosy, piles, skin diseases, 
chronic bronchitis, syphilis, typhoid, whooping 
cough, genito-urinary diseases, sore throat, and 
fevers by traditional herbalists in India have 
prompted our interest in the scientific investiga-
tion of such herbal medications. 
This paper reports the potential of In-
dian medicinal plants for the isolation or develop-
ment of new broad sjsectrum antimicrobial com-
pounds. 
2. Materials and methods 
2.1. Plant malcrial 
The authenticated sample was supplied by the 
Himalaya Drug Company. New DeIhi-15 and was 
further confirmed in the Department of Botany. 
A.M.L'.. Aligarh. Voucher specimens have been 
deposited in the Department of Ag. Microbiol-
ogy. Institute of Agriculture. AMU. Aligarh, In-
dia (TaWe J). 
2.2. Preparation of plant extracts 
The method of Alade and Irobi, (1993) was 
adopted for preparation of plant extracts with 
little modifications. Briefly three 20 g portions of 
the powdered plant material were soaked sepa-
rately in 1 (K) ml of water, hexane, and alcohol for 
72 h. Each mixture was stirred every 24 h using a 
sterile glass rod. At the end of extraction, each 
extract was passed through Whatman filter pajjer 
no. 1 (Whatman. England). The filtrate obtained 
were concentrated in vacuo using rotary evapora-
tor at 30''C. 
2.3. Culture media 
The media used for antibacterial test was soy-
abean casein digest agar, broth of Hi Media Pvt. 
Bombay, India. 
2.4. Inoculum 
The bacteria were inoculated into soyabean ca-
sein digest agar/broth and incubated at 37°C for 4 
h and the suspension were checked to provide 
approximately 10' CFU ml. 
2.5. Aticroorganisms used 
The test organisms (Bacillus subtilis ATCC 
6051, Proteus vulgaris ATCC 6380. Salmonella 
typhimurium ATCC 23564, Pseudomonas aerugi-
iwsa ATCC 25619, Escherichia coh K-12 and 
Staphylococcus aureus) were obtained from Insti-
tute of Microbial Technology (IMTECH) Chandi-
garh India. 
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2.6. DcU'iniiiuilion oj untihiutcrial aclivity 
The agar well diffusion method (Perez et al.. 
1990) was modified. Soyabean casein digest agar 
(SCDA) was used for bacterial cultures. The cul-
ture medium was inoculated with the microorgan-
isms suspended in soyabean casein digest broth. 
A total of 8 mm diameter wells were punched 
into the agar and filled with plant extracts and 
solvent blanks (distilled water, hexane and alcohol 
as the case may be). Standard antibiotic (chloram-
phenicol, concentration 100 //g ml) was simulta-
neously used as positive control. The plates were 
then incubated at 37°C for 18 h. The antibacterial 
activity was evaluated by measuring the inhibi-
lion-zone diameter observed. 
2.7. Determination of cellular toxicity using sheep 
erythrocytes 
The method described by Xian-guo and Ursula 
(1994) was employed to study cellular toxicity. 
Briefly 10-fold serial dilution of the extract were 
made in phosphate buffered saline. A total vol-
ume of 0.8 ml. for each dilution was placed in an 
eppendorf tube. A negative control tube (contain-
ing saline only) and a positive control tube (con-
taining tap water) were also included in the 
analysis. Fresh sheep erythrocytes were added to 
each tube, to give a final volume of 1 ml. Solu-
tions were incubated at 37°C for 30 min and all 
tubes were centrifuged for 5 min and then ob-
served for hemolysis. 
3. Results 
The total of 82 medicinal plants belonging to 42 
families were collected, their botanical and ver-
nacular names, the plant parts used and medici-
nal therapeutic uses noted as depicted in Table 1. 
Each of the 82 plants was prepared in extracts of 
three difTerent forms, namely hexane, alcoholic 
and aqueous extracts and tested against Staph, 
aureus. Bacillus suhtilis, E. coli. Pseucionwnas 
aeruginosa. Salmonella lyphimurium and Proteus 
vulgaris. Table 1 also represents the summary of 
the antimicrobial activities of the various extracts 
with respect to each of the test organism at con-
centration of 200 mg ml. Antimicrobial activity 
was found in 56 plants extracts of different plant 
parts. Emhlica officinalis (fruits), Terminaliu 
chehuta (fruits), Terminalia belerica (fruits). 
Plumbago zeylanica (root) and Holarrhena an-
tictysenterica (bark), produced outstanding antimi-
crobial effect with inhibition zone greater than 20 
mm. A total of 51 plant extracts were found to 
have moderate antimicrobial activity. In general 
alcoholic extracts exhibited the highest degree of 
antimicrobial activity as compared to aqueous 
and hexane extracts fractions. It is clear from 
Table 1, the traditional therapeutic indications of 
some of the plant studied appear to have a fairly 
good degree of correlation with their specific an-
timicrobial activity. The cellular toxicity of the 
five alcoholic extracts having outstanding antimi-
crobial activity was examined against sheep ery-
throcytes. Hemolysis of the erythrocytes was not 
observed at any dilutions of extracts ranging from 
1:1 to 1:1000. Only the positive control of the tap 
water exhibited the strong hemolysis. Whereas the 
negative control containing only phosphate 
buffered saline exhibited no hemolysis (Table 2). 
4. Discussion and conclusions 
Medicinal plants are used by large proportion 
of the Indian population. The reasons for this 
include (a) true improvement of disease condi-
tions after herbal treatment (b) harmful side ef-
fects and the high cost of the other forms of 
treatment. In the present study the results were 
encouraging as 56 out of 82 plants appeared to 
contain substances that had antimicrobial proper-
ties. This correlates with the observations of pre-
vious workers made in different part of the world. 
(Belachew Desta, 1993; Mehta et al., 1993; 
Prakash el al., 1995; Sohni et al., 1995). 
It is of interest to note the correlation between 
the claims of traditional healers and the demon-
strated antimicrobial activity. Some of the ex-
tracts also exhibited inhibitory activity on the 
organisms that are not conventionally incrimi-
nated with the diseases. Since some of the herbs 
appear to have broad spectrum of action and are 
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non-cytotoxic. they could be useful in antiseptic 
disinfectant formulations and in chemotherapy. 
The antibacterial activities of the plants are par-
ticularly noteworthy, considering the importance 
of these organisms in nosocomial infections. 
Further work is needed to locate the acti\e 
principle from the various extracts and their 
phyto-pharmaceutical studies. Research into the 
effects of local medicinal plants is expected to 
boost the use of these plants in the therapy 
against disease caused by the test bacterial species 
and other microorganisms. It is possible that bet-
ter therapy for many microbial diseases can be 
found in the bark, leaves etc. of hitherto neglected 
plants. The preliminary results of this investiga-
tion appear to indicate that a number of Indian 
medicinal plants have high potential of antimicro-
bial activity. 
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